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NOTES ON THE NUDIBRANCHIATE MOLLUSCA FROM THE 
VANCOUVER ISLAND REGION 

V. Two new species and one new record. 

By Chas. H. O’Donoghue, D.Sc., F.Z.S., F.R.S.C. 

The following notes relate to three forms taken in the vicinity of 
the Biological Station, Nanaimo, B.C., during the summer of 1925. 
Collecting was not started so early as in previous years, and this summer 
stands out by the paucity of species and individuals found. They are 
all quite new to the region. One was recorded previously by Mac- 
Farland (2) from Monterey but not north of California, so that the 
present record extends its range very considerably northwards. The 
other two are apparently entirely new. 

In the previous series of notes (5 and 7-9) of which this is a 
continuation, 44 species of Nudibranchs were recorded from the 
Vancouver Island region, and so the present addition brings the total 
up to 47, of which 27 belong to the Holohepatica and 20 to the Clado- 
hepatica. Another paper (8) dealt with all the members of this group 
of Mollusca that have so far been recorded from the whole of the 
Pacific Coast of North America from the Isthmus of Panama to the 
north of Alaska and discussed their distribution. The number of distinct 
species there considered was 101. Since that list was compiled, and 
indeed since the following notes were written, MacFarland (4) has 
recorded two more forms (both Acanthodorids), both from California, 
so that with those and the two now described the total must be raised 
to 105. Furthermore, the number of species common to California and 
Vancouver Island was 10, but it must now stand as 11. 

It is interesting to note that such a large proportion of the total 
from the coast (i.e. 47 out of 105) has been obtained in the Vancouver 
Island district since no collecting has been done on the oceanic coast on 
the west side of the island, and circumstances have not permitted of 
collecting during April and very early May, at which time one would 
expect to obtain a larger number of species than later. 

My thanks are due to the Biological Board of Canada, at whose 
station at Nanaimo the following forms were collected. 


I 
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radulae. In A. atrogriseata the radula has 26*27 rows with a formula 

4.1. 0. 1. 4, whereas in A, columbina it has 40-43 rows with a formulae 

5.1.0. 1.5, 


Acanthodoris armata sp. nov. 

Body, The body is typically doridiform and regularly oval in 
outline. The mantle is fleshy and well developed, extending beyond the 
foot all round save that the tip of the latter projects during locomotion. 
The whole dorsum is covered with papillae of various sizes which, if 
anything, are slightly more numerous towards the margin. 

Spicules. This species is particularly noteworthy because of the 
plentiful development of spicules in the skin. These take the form of 
relatively large spindle-shaped structures and may be simple or branched. 
When simple they are sometimes almost straight, but more generally 
boomerang shaped, and, when branched, they possess one or two 
branches near the middle of their length. The whole surface is provided 
with a few low, pointed projections. The spicules which guard the 
sides of the papillae are usually slightly smaller and smoother than those 
of the body; they have a median branch which projects into the papilla. 
The spicules are arranged in a characteristic manner. In the mid-dorsal 
region they lie with their long axes transversely; around this is a band 
where they are arranged parallel with the margin, and then around the 
margin itself they are disposed radially and are very plentiful. Each 
papilla has a group of from 6-12 running up its sides and projecting 
slightly above it. The whole armature is far more strongly developed 
than in any other species of Acanthodoris from this region that has 
been investigated previously. 

Colour. The whole animal is a pale creamy white, but the presence 
of the papillae and spicules gives a kind of texture to the .skin. 

Dimensions. The specimens procured were all small, the largest 
measuring 4 mm. long by 2 mm. wide and 1.25 mm. high. 

Head. The head is well marked and broad and is continued out 
laterally into a pair of triangular oral lobes. The mouth appears as a 
longitudinal slit. 

Foot. The foot is well developed, transversely truncate at the 
anterior end, where it bears a slight median indentation, and bluntly 
pointed posteriorly. 

Rhinophores. The rhinophore is provided with a cylindrico-conical 
perfoliate clavus, but it is so small when contracted that the number of 
leaves could not be ascertained satisfactorily. Each is retractile within 
a sheath whose margin does not appear to be guarded by papillae. 
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Branchiae, The branchiae consist of 9 tripinnate plumes arranged 
in a rough circle and are not retractile within a sheath. The anal 
papilla lies in the middle line, within the circle towards its hinder edge 
and is guarded by 4 or 5 spines. 

Radula, The radula is pale coloured, relatively much broader than 
is general in the genus and contains 28-30 rows of teeth. The rachis 
is bare and the lateral teeth eight on each side, of which the innermost 
is much larger than the remainder, so that the formula reads 7.I.O.I.7. 
The innermost lateral tooth has a roughly oblong base, relatively much 
more drawn out in the longitudinal direction than in any other Acantho- 
doris. At its antero-lateral corner it bears a strong, curved spine. Some 
distance back from the point this bears a lateral ridge with from 9-10 
tiny denticles on it. The lateral teeth, usually seven in number, although 
the outermost may be missing, are noticeably smaller. The fourth one 
of the row is the largest and the others diminish in size on both sides 
of this. The outside one, when present, is much smaller than any of 
the others, and consists almost entirely of the basal plate. The plate 
is approximately oval, but in 3-6 it is truncated posteriorly and bears a 
median point. Each base bears at its anterior end a raised flange with 
a curved, free border directed posteriorly. Generally in the Acanthodorids 
these outer lateral teeth are small and altogether not longer than the 
spine of the inner tooth beneath or inside which they lie. In the present 
species, however, they occupy a length nearly three times that of the 
spine of the large tooth, which only extends out beyond the second from 
the inside. Thus, as noted above, the radula as a whole is broader 
than customary in the genus. 

A labial armature is apparently present, but it was too small to 
make out its details. 

The genital aperture is high up on the right side of the body beneath 
the mantle. 

Habitat. The specimens were obtained at False Narrows reef at 
low tide and were all found upon the Bryozoan Flustra lichenoides whose 
polyps apparently furnish the food of this form. 

Notes, The present species calls attention to a phenomenon that 
has been noticed in several other doridifonn nudibranchs. The opaque 
creamy white animal with the texture on it produced by the papillae is 
practically invisible when upon Flustra lichenoides. Of a form, some- 
what similar in appearance, Doridigitata maculata {Doris echinata) it 
was previously recorded that “The general colour of the whole animal is 
an opaque white with from a dozen to forty small spots of a warm 
brown colour scattered irregularly over the dorsal surface. . . . Very 
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minute specks of the same colour cover the dorsum but not the papillae*’. 
This is a larger animal, and the presence of these spots helps to conceal 
it, for in the bryozoan colony the brown bodies show as small brownish 
spots, and in addition we find numerous brown diatoms growing over 
the zoarium. The result is that, while a large nudibranch of uniform 
colour would be readily distinguishable, when it is broken up by larger 
and smaller brown dots it is far harder to distinguish. A similar 
relationship holds between a Corambe (species not yet determined) and 
Memhranipora villosa. 

It would perhaps be going too far to suggest that these are examples 
of protective or concealing colouration because, in general, the typical 
doridiform nudibranch does not appear to be attacked by any other 
animal, and it is rather the fashion of the day to scoff at such 
phenomena. In A. armata in particular and D. macidata to a certain 
extent the dorsum and mantle are so well supplied with spicules that 
further protection would seem superfluous. The fact remains, however, 
that animals coloured as these arc, arc quite difficult to distinguish; if 
they are on their particular bryozoon they appear part of it, and if upon 
a frond of alga or a stone they look like a small colony. 

Lastly there remain for notice certain features in the present species. 
In many respects it is a typical Acantiwdoris, but it differs from other 
members of the genus inter alia in the lack of papillae on the rhinophore 
sheaths, the relatively wider radula, the more elongated base of the first 
pleural tooth and the relatively much larger and longer row of outer 
pleural teeth. We feel that these points while differentiating it from 
other forms are hardly sufficient to justify creating a special genus for 
it. For the present then it will be included with the other species under 
the name Acanthodoris annata. 

It has been noted above that these notes were written before the 
appearance of MacFarland's excellent paper (4) on ‘The Acantho- 
dorididae of the California Coast”, and it is to be regretted that the 
information herein was not available to that author. He points out 
that the genus reaches great diversity in the Pacific waters and gives 
the following list of .species recorded. 

1. A, pilosa (O.F.M.). Alaska. 

2. A. pilosa var albescens Bergh, Alaska. Vancouver Island. 

3. A. pilosa var purpurea Bergh, Alaska. 

4. A, coerulescens Bergh, Alaska. 

5. A, hudsoni MacFarland, California. 

6. A. brunnea MacFarland, California. 

7. A, rhodoceras C & E. California. 
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8. A. nanaitnoensis O’Donoghue, Vancouver Island. 

To these the following may now be added: — 

9. A. luica MacFarland, California. 

10. A, columbina MacFarland, California. 

11. A. atrogriscata described above. 

12. A. armata described above. 

Family Aegiretidae 
Genus Aegires Loven 1844. 

Aegires Loven, Opvers k. vet. akad. Forh (Stockholm) Vol. 1. March 
1844, p. 49. 

Type of monotypy, Polyccra punctilitccns d’Orbigny, 1837. 

Aegires alhopmiciatus Macl^'arland, Proc. Biol. Soc. Washington, vol. 

XVIII, 1905, p. 45, and (3, 1906, p. 133). 

Body. The body is limacifrom and somewhat spindle-shaped; it 
is blunt at the front end, bluntly pointed at the hinder end, and reaches 
its maximum width in tlie region of the branchiae about three-fifths of 
the way back. The head is fairly high, the body slopes up to the level 
of the branchiae and then suddenly falls. The animal is fairly hard to 
the touch owing to the presence of a large number of spicules in the 
skin. The dorsum is not distinctly marked ofT from the sides of the 
body, and the whole is funiished with a series of ridges, regularly 
arranged and bearing a number of blunt processes. One of these ridges 
starts as a prominent projection in the mid-dorsal line on the top of the 
head in front of the rhinophores. It pa.sscs backwards bearing another 
process and then at the level of the rhinophores splits into two which 
nm back to the outer side of the branchiae, each bearing 5-6 large 
processes and 3-4 lower ones. Just in front of the branchiae in the 
middle line are from 1-3 projections. Another ridge arises on each 
side behind the rhinophores, level with their mesial edge, and runs back 
parallel with the others not quite as far as the level of the front of 
the branchiae. This bears three large and three low projections. A 
third lateral ridge commences below and in front of the rhinophore on 
each side and passes backwards behind the branchiae, where it bends 
mesially to end with its fellow in a common median process. On this ' 
ridge there arc eight or nine large and four lower projections. Lateral 
to this again are from six to eight processes lying in a line but not 
arising from a ridge. The cephalic veil is provided with a double row 
of low projections, and it also has one or two larger ones on each side 
which lie on a ridge passing upwards and inwards to join or to end 
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near the anterior processes of the middle ridges. In addition to all 
these there arc a few irregularly arranged projections, particularly on 
the tail, and a special group around the rhinophores. 

Colour. The whole animal is of a whitish grey colour, caused by 
the presence of innumerable, tiny specks of intense, opaque white over 
a greyish white background. It bears a series of conspicuous dead 
black spots arranged between the ridges which themselves appear lighter 
by contrast. The clavus of the rhinophore is of a golden yellow. 

Dimensions. The largest .specimen measured 17 mm. long by 5.5 
mm. wide and 4.5 mm. at its highest point. 

Head. The head is relatively small, rounded and completely hidden 
from above by the thick outstanding cephalic veil. It is separated by 
a deep groove from the foot and continued out ventro-laterally as broad, 
leaf-like, triangular flaps which are coloured yellow on the dorsal surface 
of their tips. The mouth is a short longitudinal slit. 

Foot. The foot is well developed, sharply marked off from the 
body, truncated transversely at its broad anterior end and passes back 
gradually into a somewhat pointed tail. 

Rhinophores. The rhinophore is long and cylindrico-conical with 
a rounded tip. About seven-eighths of its length consists of the yellow 
coloured clavus which is wrinkled but not properly perfoliate. It is 
completely retractile within a sheath guarded by papillae. There are 
four large papillae joined together and so forming a sort of wall around 
the anterior, posterior and lateral sides, but no such structures occur on 
the mesial side, where the margin is quite smooth and low. In life the 
rhinophores are held almost upright; when retracted the sheaths close 
and the papillae are bent in over the top of it as if to form an additional 
protection. 

Branchiae. The branchiae consist of three plumose tripinnate leaves 
arranged in a semicircle. Each is very retractile and guarded on the 
outside by a stout, digitiform branchial appendage almost as long as 
the plume when it is expanded. When the branchiae contract the 
appendages close down over them in a very characteristic manner, the 
whole fonning a very striking appearance on the dorsum. 

The centre of the semicircle is occupied by the relatively large anal 
papilla, its margins marked by a series of radiating folds. The renal 
aperture lies at the right anterior base of the papilla. 

The reproductive opening lies on the right side of the body just 
behind the level of the rhinophores and immediately below the most 
lateral of the longitudinal ridges. The glans penis is cylindrical and 
armed with numerous tiny hooks. 
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Radula. The radula is broad, well developed and possesses a thin 
chitinous basal sheet extending well beyond the limits of the teeth. It 
contains seventeen half rows of teeth on each side arranged alternately. 
There is no median tooth and the formula of the first row is 9.0.7 ; of 
the second row 17.0.14, and of the more posterior rows 20.0.20. The 
teeth throughout are of a similar pattern, being simple uncini; the inner- 
most is the smallest and the next four or five increase fairly rapidly 
in size. 

Buccal annature. The lips arc guarded with a thin curved disc of 
brownish yellow chitin. It is perforated by a T-shaped opening. Just 
inside the aperture the chitin becomes very much thickened and bears 
a large number of tiny chitinous rods. In addition to this the upper 
side bears a relatively large shield-shaped plate of chitin, thicker than 
the buccal disc. Apparently the food is pressed against this while being 
rasped by the radula. 

Habitat. The specimens were obtained in 6-12 fathoms of water 
off a coarse gravelly and muddy bottom together with some seaweeds 
in Departure Bay. 

Notes. This appears to be the same species as that described by 
MacFarland as Aegires albopunctatus although it presents some points 
of difference. The large spots on the dorsal surface are black, not 
brown, the papillate ridges are regularly arranged. Most interesting 
however is the difference in habitat. MacFarland (3) reports it as 
occurring under overhanging rocks at low tide and ''especially common 
upon sponges in a tunnel-like grotto*’. The present material was 
obtained well below low-tide level immediately in front of the Station 
on a bottom where there are no sponges, and so far as can be ascertained 
it has never been collected on the shore; as a matter of fact it has 
not previously been recorded north of California. Another circumstance 
makes this still more remarkable, for after capture two of the animals 
laid pieces of egg ribbon with fertile eggs. They were therefore near 
spawning time when many other Nudibranchs migrate shore wards; also, 
they were taken near the end of July, when most other species have 
finished spawning. 

MacFarland does not remark on the hardness of the body due to 
the extraordinary development of spicules. 

Onchidorus fuscus (O. F. Muller) 1776. 

The present species has been dealt with previously from the present 
area under the name Lamellidoris bilamellata (5, p. 174), (6, p. 126), 
(10, p. 139) and (8, p. 24) but calls for a further note here. My friend. 
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Mr. G. A. Hardy, of the Provincial Museum, Victoria, sent me some 
specimens of this for confirmation and examination. They were obtained 
by him from the bottom of the dry dock at Esquimalt, thus providing 
a new locality for the species. They were further noteworthy in being 
of exceptionally large size, measuring 31 mm. long even when preserved. 

The range of colour variation in this species is quite large and has 
been dealt with previously (6, p. 126), but one of the present specimens, 
Mr. Hardy informs me, was practically white, thus presenting a far 
paler form than has been recorded before. Another interesting point is 
to be noticed, for while this species has been previously reported as 
spawning from the end of May to the middle of June (10, p. 139) the 
present examples were collected in February and some were spawning 
and others had spawned already. 

It may be recalled that this species, under the name Lamcllidoris 
bilamellata, was recorded from Vancouver Island as early as 1877 by 
Abrahams (la). 

Since the publication of a list of species and a bibliography of the 
Nudibranchs of the Pacific Coast of North America in this journal a 
paper by Kelsey (2a) has come to light which should have been included 
in that list. This paper contains the names of nineteen Nudibranchs 
occurring at San Diego, but as three of them are synonyms it reduces 
the actual number to sixteen. I do not think Kelsey’s paper, although 
published in 1907, is referred to in any other work dealing with this 
group on the coast, and yet it is of interest because ten of the species 
are recorded from the San Diego district for the first time, a fact that 
is indicated below by putting an asterisk before their names. They are 
as follows: — 

*•'1. Sphaerostoma palmcri (Cooper) recorded as Tritonia palmeri 
p. 51. 

2. Diauliila sandiegensis (Cooper) recorded as Doris sandiegensis 

and as Diaulula sandiegensis p. 39. 

3. Aldisa alabastrina (Cooper) recorded as Doris alabastrina p. 39. 

4. Aldisa sanguinea (Cooper) recorded as Aldisa sanguinea p. 33 

and as Doris sanguinea p. 39. 

♦5. Cadlina fiavomaculata MacFarland p. 35. 

*6. Cadlina marginata MacF'arland p. 35. 

7. Glossodoris californiensis (Bergh) recorded as Chromodoris 
calif orniensis Bergh and as Chromodoris universitatis 
Cockerell p. 37. 

♦8. Glossodoris macfarlandi (Cockerell) recorded as Chromodoris 
macfarlandi p. 37. 
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♦9. Glossodoris porterae (Cockerell) recorded as Chromodoris 
porterae p. 37. 

♦10. Dendrodoris vidua (Bergh) recorded as Doriopsis vidua Burgh 
(sic) p. 39. 

♦11. Laila cockerelli MacFarland p. 41. 

♦12. Thecacera vclox Cockerell record as T. z^elox Cockeaell {sic) 
p. 51. 

♦13. Hopkinsea rosacea MacFarland p. 41. 

14. Armina califamica (Cooper) recorded as Pleurophyllidia 

calif ornica p. 47. 

15. Flahellina iodinca (Cooper) recorded as Acolis iodinea p. 33. 
♦16. Hermsisenda crassicornis (Eschscholtz) recorded as Aeolis 

opalescens Cooper p. 33. 
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Explanation of Plate 

All figures were drawn with the aid of a camera lucida and at the 
multiplications indicated. 

Fig. 1. Acanthodoris atrogriseata sp. nov. ; innermost lateral tooth X circa 335. 
Fig. 2. A. atrogriseata; the four outer lateral teeth X circa 335. 

Fig. 3. Acanthodoris arinata sp. nov.; innermost lateral teeth X circa 800. 
Fig. 4. A. armata; the seven outer lateral teeth X circa 800. 

Fig. 5. A, armata; four spicules from the dorsum X circa 110. 

Fig. 6. A. armata; two spicules from a papilla X circa 110. 

Fig. 7. Aegires alhopunctatus MacFarland; labial armature front view X 
circa 35. 

Fig. 8. A. alhopunctatus; labial armature side view X circa 35. 

Fig. 9. A, alhopunctatus; four inner lateral teeth X circa 135. 






A SYNCHRONOUS RECTIFIER FOR THE SECONDARY 
CURRENTS OF AN INDUCTION COIL 

By H. Bonis, 

St. Marys, Out. 

For many purposes it may be desirable to obtain a uni-directional 
current from the secondary coil of a Ruhmkorff induction machine. I 
have' found the device shown in the accompanying drawing very clTective 
to this end. With two dry cells attached to a coil made up with four 
layers on the primary and four hundred turns of No. 36 wire on the 
secondary, I have obtained a perfectly steady direct current, registering 
five milliampcrcs on a jewell millianiineter. The synchronous principle 
involved requires that the long phosphor-bronze vibrating spring (V.) 
shall touch lightly, when at rest. The bronze clasp placed midway on 
the fine elastic tape which forms the string of the harp (H). The rest 
of the harp is of brass. When the machine is in action, this contact is 
much improved as the spring travels toward the magnetic cone at 
“break’*. Hence the current produced in the secondary coil finds a ready 
path through the circuit marked S.C. (short circuit). On the contrary, 
at “Make” the vibrator swinging back from the cone and away from 
the tape leaves a spark gap of at least between the clasp and itself. 
The “Make” current of the secondary will consequently pass through 
the external cii*cuit, whose resistance we may suppose to be less than 
that of the sptf.K-gap. This external circuit ordinarily is represented 
by the w'ork done by the machine. In the drawing the milliammeter 
takes the place of this work-re.sistance. If the milliammeter be joined 
up to the posts K and (first detaching the wire joining these posts) 
it will be found to register a current equal in magnitude and opposite 
in direction to that flowing between the posts 1% — P 2 - This is the 
“break” current which has been shunted through the short-circuit 
w’ires S.C. — S.C. The primary circuit is the usual one, with the exception 
that the return circuit passes through an insulated bronze clasp on the 
spring from the platinum-pointed screw to the nearer battery post P, 
instead of though the spring and post P. 

The writer wishes to acknowledge his indebtedness in the testing 
of this device to Mr. John Tanton, Science Ma.ster, St. Mary’s Collegiate 
Institute. 
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THE ECOLOGY, FOOD-RELATIONS AND CULTURE OF 
FRESH-WATER ENTOMOSTRACA 

By A. Brookf:r Klugh, 

Queen* s University. 

Introductjon. 

1'his invt'stigation was undertaken, at the siig^^estion of Dr. J. G. 
Needham, to gain information which would lead to the development of 
a method of raising entomostraca as fish-food. 

That these minute crustaceans constitute one of the most important 
foods of a large number of fresh-water fishes during their early life, 
and of some species throughout their lives, is generally reci^gnized, and 
we need not, for the purpose of this paper, do more than refer to some 
of the more important American literature on this subject. 

Forbes (1883) shows that many of the smaller fishes, which in turn 
serve as food for the larger predaceous species, feed very largely on 
entomostracans, the percentage of entomostraca in the animal food taken 
by Eucalia inconstans being 50%, by Pyejosteus puncjiiiits 40%, by 
Labidesthes siccidus 40%, by Abramis chry.soleucas 15%-, by Notropis 
heterodon 56%, and by Notropis athcrinoidcs 19%. The same author 
(1888) states that 50%' of the food of young Ameinrns natalis consists 
of entomostracans, and (1880) that in early life the food of Micropterus 
sahnoidcs is almost exclusively (95%) entomostracans, of young Lepomis 
pallidus 57%, and of young Percina caprodcs zebra 60%. Ryder (1888) 
states that the sturgeon {Acipenser siurio) when one to tw'o inches 
long feeds vrey largely on these planctonic crustaceans. Ifankinson 
( 1908) shows that young of Perea flavcscens feed exclusively on 
entomostraca. Needham (1908) found that young Eupomotis gibbosus 
50 mm long had eaten chiefly copepods. 

Reighard (1913) lists a specimen of Notropis corniitiis as having 
2/3 of the food-mass cladocerans, and a young N. hiidsonius as ‘‘filled 
with Cladocera.'^ Baker (1916) gives the food of young Catostomus 
commersoni as 80%, of young Ameiurus nebulosus as from 25%-75%, of 
young Eupomotis gibbosus as 90%, and of young Bolcosoma nigrum 
olmstcdi as 50%, entomostracans. Pearse (1918) found that 
entomostracans made up the following percentages by volume of the 
food of some Wisconsin fishes: 
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Fish 

Ostracods 

Copepods 

Cladocerans 

Abramis chrysoleucas 

1.9 

16.5 

57.6 

Ameiurus nebulosus 

6.7 

8.4 

33.1 

Catostomus commersonii 

16.8 

14.8 

3.6 

Cyprinus carpio 

7 

10.4 

3.6 

Eucalia inconstans 

3.2 

19.3 

16 

Fundulus diaphanus menona 

15.8 

4.9 

15.3 

Labidesthes sicculus 


8.7 

32 

Leponiis incisor 

.4 

7.9 

16.6 

Micropterus salmoides 

.1 

2.9 

15.1 

Notropis heterodon 

.5 

11 

33.4 

FVrea flavescens 

.4 

7.8 

17.6 

Pimephalcs notatus 

.3 

2.6 

25.1 

Pomoxis sparoides 

12 

21.6 

13.6 

Roccus chrysops 

.4 

29.6 

16.3 

Umbra limi 

23.1 

3.6 

1.3 


Pcarse and Achtenberg (1920) state that Cladoccra form 20% 
and Copepoda 1.1% of the total food for the year of Perea flavescens. 
Clemens and Bigelow (1922) after examining the contents of the 
digestive tracts of 211 ciscoes of the following species, Leucichthys 
eriensis, L. artedi, L. sisco huroniiis, L. proymthus, L. harengus and 
L. ontariensiSf state that “Daphnia formed the great bulk of the contents'* 
and “in many cases Daphnia alone were present". Moore (1922) says 
“the most important single item in the food of the young smallmouth 
bass is water-fleas", and lists cladocerans as among the most important 
food of young Ameiiirus nebulosus, Leucichthys osmeriformis, Ambloplites 
rupestris, and Notropis cayuya. Bigelow (1923) found that the food 
of young Catostomiis commersonii from 1.7 to 2.1 cm. in length was 
chiefly Daphnia, Dosmina, Alona and copepod nauplii. 

Kemmercr, Bovard and Boorman (1923) state that Daphnia pulex 
is an important food of Salma irideus and Pomoxis annularis, 

Clemens, Dymond and Bigelow (1924) show that young whitefish, 
Coregonus quadrilateralis and C. clupeaformis feed largely on 
entomostracans, as do the young of the Pike Perch Stisostedion vitreum, 
and the Northern Sucker, Catostomus catostomus and the adults of the 
Spot-tailed Minnow, N, hudsonius, 

Leim (1924) mentions copepods as one of the most important foods 
of the young shad, Alosa sapidissima, in fresh water. 

In order to be consistently successful in raising any animal it iaj 
obvious that one must know the life-history of the animal, and its 
requirements, not only as to food, but as to all the other factors of 
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the environment, and one result of four years' experimental work on 
entomostracans has been to make this fact more obvious than ever. 
When one turns to the literature on Entomostraca he finds that it is 
mainly systematic and distributional, in which respects it is very ex- 
tensive. This is only natural, since taxonomy and distribution fonn 
the ground- work for a knowledge of any group of organisms. 
Entomostracan anatomy is generally treated as a adjunct to systematic 
studies. The topic which ranks second in entomostracan literature is 
the life-cycle of certain species ; and lastly come some papers on reactions 
to various stimuli, methods of swimming and feeding and an occasional 
paper on some physiological topic. In the literature dealing with the 
distribution and the habitats of Entomostraca there is a considerable 
amount of data which throws some light on the optimum conditions for 
existence of various species, and this is especially true of recent ecological 
studies of different bodies of water and their planctonic inhabitants (v. 
Birge 1897, Thiencmann, 1912. Pearsall, 1922; Wagler, 1923; Naumann. 
1923; Kemmcrcr, Bovard and Boorman, 1923; Scott, 1899; Lcmmer- 
mann, 1897; Reinsch, 1924; Ekrnan, 1914). 

The papers on life-cycles contain data which are suggestive in 
regard to cultural operations, but, unfortunately, in regard to some of 
the points which are of the greatest practical importance the conclusions 
of different authors are diametrically opposed. 

In regard to food there are, especially in the older literature, many 
generalizations, mostly entirely without adequate foundation, and even 
in recent literature there is a paucity of exact data on this matter. 
Moreover, there is, in recent literature, complete divergence of opinion 
as to the role which dissolved substances, organic detritus and living 
organisms play in the nutrition of entomostracans. Thus it will be seen 
that there is an almost complete lack of preci.se information in regard 
to life-cycles, food, and conditions of existence upon which to build a 
system of entomostracan culture. 

The present investigation, which was begun in 1921, was carried 
on mainly at the Atlantic Biological Station, St. Andrews, N.B., and 
was aided by a grant from the Honorary Advisory Council for Scientific 
and Industrial Research. Various phases of the problem were attacked 
simultaneously, but in this paper the results will be presented under the 
three headings of the title — ecology, food-relations and culture. It is 
perfectly evident, however, that these phases overlap to a considerable 
extent, since food-relations are clearly a part of the ecology of a species, 
and culture is applied ecology. 
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Ecology. 

The chief points in entomostracan ecology which are brought out 

by a study of the literature are — 

1. Fresh- water cntomostracans may be roughly divided into four classes 
according to the general character of their habitat — (a) those which 
live in the open water of lakes, (b) those which live among vegetation 
at the margins of lakes and slow-flowing streams, (c) those which 
inhabit ponds and permanent pools, and (d) those which inhabit 
temporary pools (v. Birge, 1897, Herrick and 'rurner 1895, Vavra 
1905, Fordyce 1901, Spandl, 1924). 

2. The temperature of the waters plays a part in the distribution of many 
species (v. Dodds 1917 and 1920, Turner 1910). 

3. The temperature acting indirectly through the change produced in 
the viscosity of the water, brings about cyclic changes in the structure 
of certain planctonic species (v. Stingelin 1897, Zacharias, 1903). 

4. The character of the bottom of ponds influences the distribution of 
entoniostraca (v. Naumann 1921). 

5. Hydrogen ion concentration of ponds determines to a certain extent 
the character of their entomostracan fauna (Reed and Klugh, 1924). 

6 The abundance and kind of aquatic vegetation has an influence on 
the abundance of entoniostraca (Pond, 1905; Moore, 1920; Reinsch, 
1924; MacKay, 1924). 

The phases of entomostracan ecology, exclusive of food-relations, 

to which attention was given in the present investigation were — 

1. Field studies of habitats. 

2. The effect of temperature. 

3. The effect of salt concentration. 

4. The effect of Hydrogen ion concentration. 

5. The effect of light. 

6. The effect of photo-periodicity. 

7. Enemies. 


Field Studies of Habitats. 

The object of these field .studies was two-fold — to find out as much 
as possible about the conditions most favourable for various species of 
cntomostracans and to ascertain which species were likely to be, by 
reason of their habitat preferences, most suitable for culture. 
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Field studies were carried on at various points in Ontario and 
New Brunswick, mainly in 1921 and 1922. As will be seen the organisms 
to which the chief attention was given in these field studies were 
Entomostraca, Protozoa and Algae. The observations on food and on 
enemies which were made in these studies are reported under these 
subjects. 

Habitat A. A pool near the Biological .Station, St. Andrews, 
N.B. First investigated on June 9th, 1921, and subsequently 
at various times in 1922, 1923, and 1924. This is a bog pool, surrounded 
by, but not overshadowed to any extent by, coniferous trees. The 
amount of water in this pool is dependent upon the precipitation : in 
early June it is about two feet deep in the middle. In the extremely dry 
summer of 1921 it dried up completely, then became filled again with 
the heavy rains of late August. In 1924 this pool went dry in late 
July, with the exception of the centre, where there was about two inches 
of water. A remarkable feature of this habitat was that at this time 
the little water remaining was literally filled with the large ciliate 
Spirostomum ambiguum. Entomostraca were at this time represented 
only by a few Scapholcbcris mucronata and a very few Simoccphalus 
scrrulatus. On Aug, 23rd the pool was completely overflowed by a 
tremendous rain. In 1922 and 1923 the depth of water in the centre 

did not fall below six inches. The temperature of the pool varies with 

the season, and with the amount of water, from 14*^ C to 22“ C. The 
Hydrogen ion concentration varies with the amount of water in the 
pool, with the relative development of the algae in the pool and with 
insolation, the variation being from pi I 5.8 to 7.8. 

The bottom of the pond consists of peat moss, Sphagnum cymbifolium, 
a Hypnuni (which has not yet been found in fruit and consequently was 
nondcterminable), dead sedges and grasses, some dead leaves of 
deciduous trees, and intermingled with these, and in places covering the 
bottom, a flocculent layer, which, on microscopic examination, proved to 
consist of algae of various species. Growing out of the pool are 

numerous plants of Iris versicolor, and at the edges are Onoclea 

sensibilis and Osmunda cinnamomca. The almost complete absence of 
filamentous algae w^as a marked feature of this pool. 

The following algae were present, — the letters a, c, f, and s, stand- 
ing for abundant, common, frequent, and scarce respectively — 
Tolypothrix tenuis, s., Merismopedimn glaiicum, s., Microcystis 
marginata, f., Chroococcus turgidus, c., Aphanothece pallida, f., Elaka- 
tathrix americana, s., Characium pringsheimii, f., Nephrocytium agard- 
hianum, s., Rhaphidium falcatum, s., Coelastrum proboscideum, a., 
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Eremosphaera viridis major, c., Ophiocytium cochleare, s., O. parvulum, 
s., Scenedesmus quadricauda, c., 5*. bijuga, s., Pediastrum boryanum, i., 
P. tetras, s., Volvox globator, s., Oedogonium crispum, s., — ^the only 
filamentous alga present. 

The following Protozoans were present — Halteria grandinella, c., 
Centropyxis aculeata, c., Arcella vulgaris, s., Difflugia pyriformis, s., 
D, acuminata, s. 

The Entomostraca present were — Simocephalus serrulatus, c., 
Chydorus sphaericus, {., Scapholeheris mucronata, f., Cypridopsis vidua, 
c., Cyclops fuscus, rare. 

In this pool in July 1923 all the Entomostraca died out, with the 
exception of very few Cypridopsis vidua. Associated with this dis- 
appearance was a large water bacillus. All cultures of animals from 
this pool also died out at about the same time, and the same, or a very 
similar, bacillus was found in these cultures. This is suggestive of the 
possibility that the bacillus was the causative agent. 

Habitat B. Pond near Kingston, Ont. Investigated October 20. 
28, and Nov. 4, 1921. Average pH 7.6. No work done in summer, 
consequently no data on temperature range. 

This pond had the following emerging vegetation — Typha latifolia, 
c., Scirpus lacustris, c., Alisma plantago-aquatica, f. 

Floating vegetation— Lcntnia minor, c.. L. trisulca, f., IVolffia 
Columbiana, a. 

Submerged vegetation — Myriophyllum spicatum, f., Algae — Spirogyra 
crassa, f., Nephrocytium agardhianum, s., Gloiococcus mucosns, s., 
Scenedesmus obliquus, f., 5. quadricauda, s., Rhaphidium falcatum, c., 
Pediastrum boryanum, f. 

The following protozoans were present— 5‘ywMm uvclla, s., Phacus 
longicauda, s., P. pleuroncctes, f., Difflugia corona, s., D. pyriformis, s., 
D. acuminata, s., Aspidisca costala, f., Euplotes carinata, s., Coleps 
hirtus, f., Astasia lagenula, f., Halteria grandinella, s., Trachclius ovum, 
s., Stylonychia pusfulosa, s,, Trachelomonas volvocina, s., T, westii, c., 
Petalomonas mira, s., Cyclidium glaucoma, c., Euglena terricola, f., 
Colpidium striatum, f., Arcella vulgaris, s., Actinosphaerium eichornii, s., 
Dcropyxis amorpha, s., Lionotus wrzesniowskii, s., Urocentrum turbo, s., 
Paramoecium caudatum, s., Oxytrichia pellionella, f., 0. platystoma, f., 
Actinophrys sol, s., Anisonema acinus, s.. Amoeba Umax, s., A. proteus, 
f., Vorticella aperia, f., Centropyis aculeata, f. 

Entomostraca pvQstni—Pleuroxus procurvatus, a., Simocephalus 
serrulatus, f., S. vetulus, f., Chydorus sphaericus, a., Cyclops serrulatus, 
c., Cypridopsis vidua, s., Cyclocypris forbesi, s. 
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Other animals present were — Lymnaea stagnalis, c., L. palustris, c., 
Physa ancillaria, f., Glossiphonia stagnalis, f., Hydra oligactis, s. 

Habitat C. A marshy pool on the St. Stephen road, near Chamcook 
Hill, N.B. 

The following algae were present — Pediastrum tetras, s., P. 
boryanum, s., Chlamydomonas globosa, s.. Rhapidium falcatum, s., 
Microcystis flos-aquae, s., Phormidium retsii, c. 

Protozoans — Ophrydium versatile, s,, Centropyxis aculeate, c,, 
Difflugia acuminata, s., Vorticclla convallaria, f. 

Entomostraca present — Simocephalus serrulatus, s., Chydorus 
sphaericus, c., Cypridopsis vidua, c., Cyclocypris forbesi, s. 

Habitat D. A small pool with a muddy bottom and no large vegeta- 
tion on the St. George Road near Chamcook Hill. First investigated 
July 5, 1921, and subsequently in 1922. 

The water of this pool was green with — Sccnedcstnns bijuga, 
Rhapidium falcatum and Tetracdon minimum. 

The only protozoans which could be discovered were — Astasia 
lagenula, s., and Centropyxis aculcata, f. 

The following entomostracans were present — Cyclops serrulatus, a., 
Simocephalus serrulatus, c., Chydorus sphaericus, c., Scapholcberis 
mucronata, s., Ceriodaphnia quadrangula, s., Cyclops ater, rare, C. 
fuscus, s. 

Habitat E. A small pool in the rock near the outlet of Chamcook 
Lake, N.B. Investigated July 5, 1921. 

The following algae were present — Chroococcus turgidus, c., 
Microcystis marginata, f., Gloeothece membranacea, c., Aphanothece 
saxicola, c., Nostoc comminutum, s., Aphanothece stagnina, c., Nostoc 
depressum, f., Merismopedium glaucum, s., Haematococcus pluznalis, s., 
Stigonema turfaceum, c,, Tolypothrix tenuis, s., Calothrix braunii, s., 
Oscillatoria splendida, s., Gonium pectorale, s., Chlamydomonas com- 
munis, s., Scenedesmus bijuga, s., 5*. quadricauda, s., Eremosphaera 
tfiridis, s., Rhaphidium falcatum, s., Pediastrum tetras, s., P. boryanum, s., 
Coelastrum microporum, s., Characium ambiguum, s., Kirchneriella 
lunaris, rare. 

Protozoa — Amoeba proteus, f., Amoeba radiosa, s., Arcella xmlgaris, 
s., Halteria grandinella, a., Euplotes charon, f., Trichonema hirsute, s., 
Pontiglusia spectabilis, s., Centropyxis aculeata, f., Entosiphon ovatum, s., 
Lachrymaria olor, s., Difflugia pyriformis, c., D. acuminata, s.. D. 
labostoma, s., Lionotus wrzesiotvskii, s., Biomyxa vagans, s,, Hyalos- 
phaenia elegans, s., Astasia lagenula, s. 

The following Entomostraca were present — Cypridopsis vidua, c., 
Chydorus sphaericus, c. 
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Habitat F, Pool in a peat-bog near Bocabec l-ake, N.B. Investi- 
gated Aug. 21, 1921, and July 17, 1923. The water was deep brown 
and had a pH of 5.8. The edges and part of the bottom of the pool 
consisted of Sphagnum (sp? — not in fruit), and many twigs which were 
coated with gelatinous algae, these being in most cases an admixture 
of species, but in some cases pure Chaetophora attennatum and 
Drapanaldia platyzonata. 

In addition to these the following algae were present — Sccnedesmus 
bijuga, s., Ophiocytium cochleare, c., O. arbuscula, s., 0. parz'ulum 
circinatum, f., Dictyosphaerium pulchellum, r., Khaphidium falcatum, s.. 
Pediastrum tetras, s., Selena^trum minutum, s., Microcystis amethystina, 
f., Oscillatoria tenuis, s. 

Protozoans — Amoeba guttula, f., Plenromonas jaculans, f., Arcella 
vulgaris, f., Phacus orbicularis, s., Astasia lagenula, c., Stentor polymor- 
phus, s., Paramoeciiim bursaria, s., Ilaltcria grandinclla, f., Trachelo- 
monas zvcsiii, s. 

Entomostraca — Scapholeberis mucronata, c., Simocephalits serritla- 
tus, f., Chydorus sphacricits, f , Cypria exculpta, c., Cyclops fuscus, s. 

Habitat G. Pool in marsh, fed by a little stream, near Greenlaw, 
St. Andrews, N.B. Investigated Aug. 2, 1921. The macroscopic vegeta- 
tion consisted of Equisetum fluviatilc, Elocharis acicularis, and Nitella 
flexilis. 

Algae present — Bulbochaete rectangiilaris, f., Sccnedesmus quadri- 
cauda abundans, s., Rhaphidium falcatum, s., Merismopedium glaucum, 
s., Oscillatoria tenuis, s. 

Protozoans — Astasia lagenula, s.. Phacus orbicularis, s., P. plcnr- 
onectes, s., Difflugia pyriformis, s , Ilaltcria grandinclla, c. 

Entomostraca — Cyclops fuscus, c., C. serrulatus, s. 

Habitat H, Pool in old granite (Algoma formation) quarry, 
Rarricfield, Ont. Investigated Oct. 15. 1921, Apr. 20, 1922, and Oct. 
20, 1922. This pool is situated near the top of a slight elevation, so 
that it receives drainage from a limited area only. The depth of the 
water varies, according to the precipitation, from 8 feet at one end to 
15 feet at the other, to 4 feet at one end and 11 feet at the other. 
The pool is bounded on the north-cast, south and south-west by per- 
pendicular walls of granite. The pH of the water varies from 6.2 to 
6.8, the fluctuation being both daily and seasonal. It is lowest in the 
morning and highest in the evening and higher in autumn than spring. 

The only emerging vegetation is Typha latifolia. 

The flora and fauna of this pool showed considerable variation in 
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the different years, both as to the actual species found, and as to the 
relative abundance of species. 

In Oct. 1921 the following occurred — 

Algae — Aphanothcce microscopica, a., A, grevillei, a., Gloeothece 
magna, f., Microcystis nturginata, c., Merismo Medium glaucum, c., Toly- 
pothrix tenuis, c., Oscillatoria tenuis, c., Oocystis borgei, s., Gloiococcus 
mucosus, s., Zygnema pectinatum, c., Spirogyra gracilis, s., Pediastrum 
boryanum, c., P. tetras, s., Sorastrum spinulosum, s., Rhaphidium fal- 
catum, s., Gomphosphaeria aponina, s. 

Protozoa — Amoeba verrucosa, s., Centropyxis aculeata, f., Difflugia 
pyriformis, s., Arcclla vulgaris, s., Trachelomonas armata, s. 

Entomostraca — Chydorus sphaericus, a., Cypridopsis vidua, s., 
Cyclops serrulatus, c. 

In October 1922 the following were found — 

Algae — Mougeotia genuftexa, a., Toly pothrix tenuis, c., Microcystis 
amethystina, c., Aphanothecc microscopica, c., A. greznllei, c., Gloiococcus 
mucosus, c., Zygnema pectinatum, f., Pediastrum boryanum, f., P. 
tetras, f. 

Protozoa — Difflugia pyriformis, f., Centropyxis aculeata, f., Astasia 
lagenula, s., Euglenia intermidia, s., Amoeba proteus, s., Colpidiunt 
striatum, s. 

Entomostraca — Ceriodaphnia reticulta a., Cyprodopsis vidua, c., 
Chydorus sphaericus, s. 

Habitat /. A woodland pool near Aylmer, Ont. Investigated May 
23, 1921. 

Algae — Zygnema pectinatum, s., Conferva bombycina, c., 

Chlamydomonas communis, a. 

Protoza — Centropyxis aculeata, s., Vorticclla campanula, s. 

Entomo.straca — Daphnia pulex, a. 

Habitat /. Open water of Lake Missanag, Ont. Plancton taken at 
one metre at 6 p.m. Aug. 30. 

The algae present were — Coelosphacrium kuetisingianum, c. Ana- 
baena circinalis, s. 

Entomostraca — Diaptomus oregonensis, a., Cyclops brevis pinosus, c., 
Bosmina longispina, c., Diaphanosoma leuclitenbcrgianum, s., Polyphemus 
pcdictilus, s. 

Habitat K. Large pond at Springwater, Ont. Abundance of sub- 
merged vegetation consisting of Elodca canadensis and Myriophyllum 
spicattmu Examination of material could not be made at the time, so 
that specific determination of the algae and protozoans was not satis- 
factory, and undoubtedly more occurred than listed. 
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Algae — Rivularia incrustata, c., on Myriophyllum, Pediastrum 
boryanum, c., P. tetras, c. 

Entomostraca — Bosmina obtusirostris, a., Scapholeberis mucronata, 
c., Daphnia hyalina, a., Simocephalus scrrulatus, f., Chydorus sphaericus, 
c., Cyclops serrulatus, a. 

Habitat L. Pool on the banks of the Aux Sauble River, at Grand 
Bend, Ont., May 25, 1922. This pool was in the bed of the river 
wh^n the river was in flood, and was fed by surface water running down 
the steep bank. 

The Algae present were — Gloiococcus mucosus, c., Scenedesmus 
bijuga, a., S, quadricauda, a., Pediastram boryanum, c., Spirogyra (not 
in fruit), c. 

Protozoans — Centropyxis aculcata, c., Difflugia corona, f., £?. pyri- 
formis, f. 

Entomostraca — Daphnia putex, c., Simocephalus serrulatus, c., S. 
vetulus, s., Scapholeberis mucronata, s., Kurtsia latissima, s., Pleuroxus 
procurvatus, s., Chydorus sphaericus, c., Cypridopsis vidua, a. 

Habitat M. Plancton taken at surface at reedy margin of Bocabec 
Lake, N.B., July 17, 1923. 

Algae — Scenedesmus qtiadricauda, s., Gloiococcus mucosus, s., Ana- 
baena flos-aquae, s. 

Entomostraca — FHeuroxus striatus, a., P. hastatus, f., Ophryoxus 
gracilis, s,, Acropterus angustatus, s., Sida crystallina, c., Polyphemus 
pediculus, s., Scapholeberis mucronata, s. 

Habitat N. A spring pool on the St. Stephen Road near St. An- 
drews, N.B. Pool shaded, except on west, by trees. Water temperature 
low — 14® to 17® C. pH 6.8. Bottom of fine gravel, with some twigs 
and one or two dead leaves. Water cloudy with a semi-opalescent ap- 
pearance. 

This is a most interesting habitat because at the first examination 
there were large numbers of Cyprinotus incongruens present and no 
visible means of sustenance, since there were no algae, protozoans, or 
other possible food substances, in the material collected. This suggested 
that the ostracods were possibly living on the material which imparted 
a cloudiness to the water. Examination of food-balls from the intestines 
of the ostracods, however, revealed the fact that they consisted of algae. 
Examination of the water showed that the cloudiness was not due to 
bacteria, which were present in very small numbers only. A further 
investigation of this habitat revealed the fact that there was a thin 
coating of a very fine Tribonema-like alga, much finer than any described 
species, among which were small colonies of Palmella, on some of the 
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twigs, and that the ostracods were scraping off, and eating, this material. 
Some of the twigs brought to the laboratory and placed in culture jars 
with the ostracods confirmed these observations. 

Habitat O. Pond in quarry in Pamelia limestone (Black River 
group of the Ordovician) at Barriefield, Ont. Examined in October 
1921, April and October 1922, and May and October 1923. The depth 
of water varies with the season from 4 to 10 feet in the deepest part. 
The pH shows a range of from 7.6 to 9.2. 

Algae present — Spirogyra nitidaf (Not in fruit) 1921, Cladophora 
fracta, 1922 and 1923, Chlamydomonas communis. All three years. 

Entomostraca 1921 — Diaptomus birgei, a., Bosmina longirostris, a., 
Ophryoxus gracilis, s., Chydorus faviformis, s. 

Entomostraca 1922 and 1923 — Diaptomus birgei, a., Simocephalus 
vetulus, c., Cyclops americanus, c., Potamocypris smaragdina, c. 

Habitat P. Pool in peat-bog near Bocabec Lake. Examined Aug. 
21, 1921, and Aug. 20, 1923. pH, 6.5. 

Algae present — Rhaphidium falcatum, c., Scenedesmus bijuga, c., 
5". obliquus, c., Ophiocytium cochleare, c., Volvox globator, f., Pediastrum 
tetras, s., Drapanaldia acuata, c., Eremosphaera viridis, s., Sorastrum 
spinulosum, s., Chlamydomonas globosa, s., Chroococcus turgidus, s.. 
Microcystis amethystina, s. 

Protozoans — Amoeba guttula, c., Astasia lagenula, f., Halteria 
grandinella, c., Petalamonas alata, s. 

Entomostraca — Cyclops serrulatus, f., Simocephalus serrulatus, f. 

Habitat Q. A pond about 40 yards long by 15 yards wide in the 
grounds of Sir Thomas Tait near St. Andrews, N.B. The site of this 
pond was until 1913 a marshy place fed by a spring, and the pond was 
created by building up one side. The pH of the water was 7 and the 
temperature during the summer varied from 14° C to 20° C. 

The algae most abundant were — Gloiococcus mucosus, Rhaphidium 
falcatum, and Pediastrum boryanum. 

The Entomostraca were — Diaptomus birgei, common throughout the 
summer; Cyclops fuscus, scarce in early summer, and becoming com- 
moner later in the season ; Simocephalus serrulatus, common, near shore, 
early in the summer, becoming scarcer later; Chydorus sphaericus, fre- 
quently throughout the season ; llyocypris bradyi, scarce on the bottom. 

Habitat R. A pond on top of a rocky headland on Campobello 
Island, N.B. The chief point of interest about this habitat was the 
fact that Ceriodaphnia reticulata was present in very large numbers in 
early July, and that all the specimens bore greater or less numbers of 
a species of Chlorangium (apparently undescribed). This infestation 
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became more marked in August and the numbers of Ceriodaphnia showed 
a marked decrease. Specimens of Ceriodaphnia which were badly 
infested proved non-viable in experimental work. The Chlorangium 
appeared to be deleterious chiefly because, when present in large numbers 
on the antennae and feet, it hindered the movements of the cladocerans. 
These facts, while not fully worked out because of the difficulty of 
getting to this rather remote station, suggest that ectoparasites, such as 
this Chlorangium, may play a part in bringing about a reduction in the 
numbers of certain entomostracans and may have to be taken in con- 
sideration in cultural operations. 

Habitat S, A very small pool, about three feet long by a foot wide 
on the shore of Bocabec Lake, N.B. The remarkable feature of this 
habitat was that the flora consisted exclusively of Chlarmydomonas 
communis and the fauna entirely of Polyphemus pediculus which was 
present in enormous numbers, and which I had always previously 
found to be a planctont of the waters of lakes. The only other 
entomostracan was Alona costata which was present in small numbers. 
It is, in my experience, extremely rare to find a habitat which contains 
practically a '‘pure culture** of a single plant and a single animal as 
was the case here. 


The Effects of Environmental Factors on Entomostraca. 

The environment of an entomostracan, or any other organism, 
consists of a complex of factors, and while the study of natural habitats, 
especially if long-continued and carried out on a quantitative basis, may 
yield valuable suggestions as to the action of various factors, it is 
necessary to resort to the method of experimentation to disentangle the 
various factors. 

The experiments on the effects of environmental factors, especially 
of temperature, salt concentration and photo-periodism, were conducted 
mainly with a view to ascertaining how these factors influenced repro- 
duction, and particularly as to what effect they had in the induction of, 
or the inhibition of, the ephippial condition in cladocerans. The reason 
why this matter of the onset of the ephippial condition was a centre of 
interest was because field studies of those species which inhabit pools — 
and it is these species which are most suitable for culture — had shown 
that just prior to the drying up of the pools that the great majority of 
the females were ephippial. Furthermore, it was found that in mass 
cultures when a large number of the individuals became ephippial the 
period of reproduction was at an end and the culture rapidly diminished. 
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Thus it is clearly extremely important to have as much knowledge as 
possible concerning the factors which bring about the ephippial condition. 

The literature concerning the cause of the ephippial condition in 
cladocerans is extensive — and entirely contradictory. Weismann (1877 
and 1880), Ekman (1905), Popoff (1907), Kuttner (1909), Woltereck 
(1909 and 1911), Papinicolau (1911) and Scharfenberg (1910) hold 
that the sex cycle in Cladocera is independent of external conditions, 
while Kurz (1874), Schniankewitsch (1877), Kerhevc (1892) Ostwold 
(1894), Jssakowitsch (1907), Langerhans (1909), Keilhack (1909), 
McClendon (1910), Grosvenor and Smith (1913), Agar (1914), Smith 
(1915) and Banta (1921) contend that the sex cycle is influenced by 
external conditions. These latter authors correlated the ephippial 
condition with various factors, Schniankewitsch with increasing salt 
concentration due to evaporation, Kerheve with scarcity of food, Ostwold 
with temperature, Jssakowitsch with temperature and nutrition, 
Grosvenor and Smith with over-crowding, and McClendon suggested 
several factors — temperature, nutrition and excretory products. Green 
(1909) after a study of the life-cycle of Simocephalns vctulus, says 
'‘The study of general cultures leads to conclusions which are in agree- 
ment with results obtained by a study of isolated females, namely, that 
onset of sexuality is independent of food shortage, and suggests that it 
is related to accumulations of certain excretions.'’ He contends that in 
this species no female which has been parthenogenetic ever becomes 
sexual, but that many females which have produced ephippia become 
parthenogenetic, and that cultures of S. vetulus can never be terminated 
merely because of the onset of sexuality. In the discussion of the 
factors which may play a part in bringing about the ephippial condition 
there is a fact which should not be lost sight of — that these factors may 
be different in the case of different species. This may, to a certain 
extent at least, explain the discrepancy in the conclusions of various 
workers in the cases in which different species have been used. If we 
consider the effect of temperature in this respect we find that the 
maximum production of ephippia occurs at a time of rising temperature 
in the case of those species which inhabit temporary pools, but at a 
time of falling temperature in the case of limnetic species. Thus it 
would not seem reasonable that any pronouncement in this matter 
should be expected to hold for the Cladocera as a whole. In the case 
of the efficiency of excretory products in bringing on sexuality, it is 
perfectly legitimate to suppose that this may be a factor in the case of 
species of small pools, but it seems rather far-fetched to assume that 
it will be true also of the species of the open waters of lakes — firstly 



28 


Transactions of the Royal Canadian Institute 


because these substances would have to be produced in enormous quan- 
tities, or be tremendously potent, to affect such large masses of well- 
stirred water; secondly because these limnetic species are not able to 
exist under any such impure, oxygen-deficient, condition as is implied 
by a concentration of excretory products. The same holds good in a 
consideration of salt concentration as a factor: it may be true for pool 
species but it cannot be true for limnetic species. 

In connection with the technique of these experiments on the effects 
of various factors it is necessary to anticipate a little and to mention 
that by the time these experiments were made I had already done a 
considerable amount of work on the food of various species of 
entomostracans and had developed methods of growing algae, to serve 
as food, in any desired quantity and also of growing algae in a culture 
solution with the animals. Which of these methods was used depended 
upon the nature of the experiment : in temperature and photo-periodicity 
experiments the latter method was used, in salt concentration, hydrogen 
ion concentration and light experiments the former. In the experiments 
with cladocerans females only were used as initial experimental animals. 
In each case a number of the animals, usually three (sometimes more, 
and occasionally but one) were placed in shell vials 4 cm high by 15 mm 
in diameter, and kept corked, except during feeding and transfers. 

In describing the condition of the cladocerans I have adopted certain 
conventional expressions, which should be explained. ‘‘Clear” means 
without eggs, embryos, or ephippia. “Eggs,” unqualified, means that 
there were parthenogenctic eggs in the brood-pouch. Embryos are 
designated as being in stage 1, 2, 3, 4, or 5. Stage 1 indicates that 
the eggs had become slightly longer than wide, that is, they had lost 
the perfectly spherical appearance of freshly-produced eggs. Stage 2 
means that the developing embryo had taken on a “granulated” appear- 
ance. Stage 3 indicates that the head of the embryo had become 
differentioned from the body and the eye was visible. Stage 4 means 
that the antennae of the embryo, closely folded against the carapace, 
were visible. Stage 5 means that the embryos were mature, with free 
antennae, and ready to leave the brood-pouch. 

The experiments are listed under the serial numbers which were 
given them at the time the experiments were set up. 

The Effect of Temperature. 

Ostwold (op. cit) and Wollereck (1909) found that an increased 
temperature caused daphnids to become mature at a smaller size. 
McClendon (op. cit.) found that Daphnia pulex attained maturity in 35 
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days at a temperature of 4-10® C, in 14 days at from 19-20® C, and 
in 6 days at 29-31® C, and that heat hastened the appearance of sexual 
forms. 

Experiment 2R. At room temperature, which varied from 16® to 
22® C. One Sintoccphulus serrulatus with 11 eggs; two clear. Set 
up July 10. 

July 11. 1 with 11 embryos stage 3; 1 with 5 eggs; 1 clear. 

„ 12. 1 with 11 embryos stage 4; 1 with 5 eggs; 1 clear. 

„ 13. 1 with 11 embryos stage 5; 1 with 5 embryos stage 2; 1 with 

4 eggs. 

„ 14. 1 clear; 1 with 5 embryos stage 3; 1 with 4 embryos stage 2; 

11 young. 

„ 15. 1 clear; 1 with 5 embryos stage 5; 1 with 4 embryos stage 3; 

10 young. 

'*16. 1 with 3 eggs; 1 clear; 1 with 4 embryos stage 4; IS young. 

„ 17. 1 with 3 embryos stage 1; 1 with 4 embryos stage 5; 1 with 

3 eggs; IS young. 

„ 18. 1 with 3 embryos stage 2; 1 clear; 1 with 3 eggs; 18 young. 

„ 20. 1 with 3 embryos stage 1 ; 1 clear ; 18 young. 

„ 21. 1 with 3 embryos stage 2; 1 clear; 17 young; some nearly 

adult size. 

„ 22. 1 with 3 embryos stage 2; 1 with 3 eggs; 17 young. 

„ 23. 1 with 3 embryos stage 5; 1 with 3 eggs; 16 young. 

„ 24. 1 clear; 1 with 3 eggs; 19 young of various sizes. 

„ 25. 1 with 2 eggs; 1 with 3 embryos stage 1; 19 young, some of 

adult size. Experiment discontinued. 

Experiment 18Q. Raised temperature. Set up July 14th. Three 
individuals of Simocephalns serrulatus, one with 5 eggs, one with 
5 embryos stage 5, and one with 3 embryos stage 5. 

July 14. Temperature 30® C. 

„ 15. „ 9 A.M. 25®: Noon 29®. One with 9 eggs, one 

with 2 eggs, one with 3 embryos, 8 young. 

„ 16. „ 9 A.M. 29: Noon 30: 5 P.M. 35. One with 11 

embryos, one with 10 embryos, one clear, 18 
young. 

„ 17. „ 9 A.M. 26: Noon 31: 5 P.M. 30. One with 4 

early embryos, one clear, one dead. Very 
numerous young — too many to count accurately. 
„ 18. „ 9 A.M. 26: Noon 33: 5 P.M. 30. Two clear. 

Very numerous young. 
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July 19. „ 9 A.M. 24: Noon 30: 5 P.M. One adult clear, 

the other dead. Very numerous young. 

20. „ 9 A.M. 29: Noon 31: 5 P.M. 31. I^st adult 

dead. Very numerous young. 

Experiment 18R. Raised temperature. Set up July 14th. Three 
individuals of S. serrulatust one with 11 embryos stage 2, two with 
8 embryos stage 4. 

July 14. Temperature 30 C. 


15. 



25, 29, and 30. One with 12 early embryos, one 
with 10 early embryos, one with 8 well advanced 
embryos, 14 young. 

.. 16. 



29, 30 and 35. Two clear, one dead. 31 young. 

.. 17. 


»> 

26, 31 and 30. Another adult dead, one 3 with 




young. 

.. 18. 



26, 33 and 30. One with 3 embryos. Very 
numerous young. 

.. 19. 


tf 

24, 30 and 31. Last adult dead. All but 5 
young dead. 

Experiment 

18N. 

Reduced temperature. Set up July 28th. Three 

individuals of 

.S', scrrulatus, one with 8 embryos stage 2, one with 

4 embryos stage 4, one clear. 

June 28. 

Temperatures 12 and 14. 

.. 29. 


it 

14, 14. 4 young. 

30. 


it 

14. One adult dead. 12 young. 

July 1. 


it 

14 and 16. No change. 

„ 2. 


f f 

14 and 14, No change. 

„ 3. 


.. 

14 and 14. Adults dead. 12 young. 

Experiment 

IE. 

Reduced temperature. Set up July 17. Six 

individuals of 5, serrulatus, one with 12 embryos stage 3, one with 
3 embryos, two with 1 egg, two clear. 

July 17. 

Temperatures 13 and 14. 

18. 


it 

13, 13, and 14. No change. 

„ 19. 


it 

13, 13, and 14. 9 young. 

.. 20. 


»» 

13, 13, and 13. One with 14 eggs. 8 young. 

„ 21. 


it 

13, 13, and 15. 3 young. 

22. 


it 

13, 14, and 15. No change. 

.. 23. 


it 

15 and 13. No change. 

24. 


tt 

13, 12, and 13. No change. 

25. 


it 

13, 13, and 13. 4 adults dead. 

.. 26. 


tt 

13, 13, and 13. Adults and young dead. 
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Experiment 18V. At room temperature 16 — 20® C. Three individuals 
of Ceriodaphnia reticulata, each with 2 embryos stage 3. Set up 
July 14. 

July 15. Embryos stage 4. 

„ 16. stage 5. 

„ 17. 6 young. 

„ 18. No change. 

„ 22. 3 adults, 9 young. 

„ 23. No change. 

„ 25. 3 adults. Numerous young. 

„ 26. No change. 

„ 30. One adult dead. Numerous young. 

„ 31. Another adult dead. Numerous young. 

Aug. 1. No change until Aug. 10th. when experiment was discontinued. 


Experiment 18W. Raised temperature. Set up July 14. Two 
Ceriodaphnia reticulata, each with one egg; one with three embryos 
stage 5. 


July 14. 

Temperature 

30. 

» 15. 


25, 29, and 29. 3 young. 

„ 16. 


29, 30, and 34. One with 2 embryos. One 
with 2 eggs. 12 young. 

17. 

>» 

26, 31, and 30. One with 2 embryos stage 3. 
Other adults dead. 14 young. 

„ 18. 

>» 

26, 30, and 30. 14 young. 

19. 


24, 30, and 30. One adult clear. 16 young. 

20. 

tf 

29, 30, and 31. Adult dead, young nearly mature. 


Experiment 6R, Reduced temperature. Set up July 29. One 
Ceriodaphnia reticulata, with 3 embryos stage 4; two with 2 eggs. 
July 29. Temperature 13. 


Aug. 


30. 

31. 
1 . 
2 . 

3. 

4. 

5. 

6 . 


13, 13, and 14. 

13, 14, and 15. 

14, 14, and 14. 
14, 14, and 15. 
14, 14, and 15. 
14, 14, and 14. 
14, 14, and 14. 
14, 15, and 14. 


3 young. 

5 young. 

Two adults dead. 

Last adult dead. 5 young. 


Experiment IM. Raised temperature. Set up July 24. Three individ- 
uals of Scapholeheris mucronata, one with 4 embryos stage 4, one 
with 3 embryos stage 2, one with 3 embryos stage 2. 
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July 24» Temperature 31. 



25. 

t* 

25. 28, and 29. 

6 young. 


26. 

tt 

26, 29, and 31. 

9 young. 

M 

27. 

tt 

30, 30, and 31. 

Adults with embryos. 9 young. 


28. 

tt 

28, 28, and 30. 

14 young. 


29. 

tt 

29, 30, and 31. 

Numerous young. 

>» 

30. 

tt 

29, 30, and 32. 

tt tt 


31. 

tt 

31, 31, and 32. 

One adult dead. Numerous 
young. 

Aug. 1. 

tt 

30, 31, and 34. 

Very numerous young. 


2. 

tt 

27, 27, and 29. 

Another adult dead. 

It 

3. 

tt 

25, 27, nad 27. 

Last adult dead. Very numer- 


ous young, some almost 
mature. 


Experiment 18K1. Reduced temperature. Set up July 3. Three in- 
dividuals of Scapholeheris mucronata, one with 6 embryos, stage 3 
one with 3 embryos stage 3, one clear. 


July 4. Temperature 14. No change. 


tt 

5. 

tt 

14 and 15. 

One adult with 3 eggs. 

tt 

6. 

tt 

14 and 14. 

9 young. 

tt 

7. 

tt 

15 and 15. 

No change. 

tt 

8. 

tt 

15 and 18. 

One adult dead. 

July 

9. 

Temperature 14. Another adult dead, 7 young dead. 

tt 

10. 

It 

14. No change. 

tt 

11. 

It 

12 and 12. 

I.ast adult dead. Two young. 

tt 

12. 

tt 

13, 13, and 

14. No change. 

tt 

13. 

tt 

12. 12, and 

12. No change. 

tt 

14. 

tt 

12, 12, and 

12. No change. 

tt 

15. 

tt 

12, 12, and 

12. Young nearly adult size. 

tt 

17. 

tt 

12, 13, and 

14. No change. 

tt 

18. 

tt 

13, 13, and 

14. No change. 

tt 

19. 

tt 

13, 13, and 

14. One young with 2 eggs. 

tt 

26. 

tt 

13, 13, and 

13. Two adults, 2 young. 

tt 

27. 

tt 

14, and 14. 

One adult and 1 young dead. 

tt 

28. 

tt 

13, 13, and 

12. One adult with 2 eggs. 

tt 

29. 

tt 

13, 13, and 

13. One young dead. 

Aug. 

2. 

tt 

13 and 14. 

One adult and 2 young. 
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Aug. 3. „ 14, 14, and 14. One adult and one young dead, 

No change. 

Young adult size. 

One with cphippial egg. 

No change. 

16. „ 14 and 14. Dead. 


Experiment 2N. At room temperature, which varied from 16° to 22°C. 
Three individuals of Scapholeberis mucronata, one with 1 embryo 
stage 2, two with 2 embryos stage 4. Set up July 7. 


July 

8. 

4 young. 


tt 

9. 

5 young. 


tf 

10. 

5 young. 


ff 

11. 

10 young. 


it 

12. 

Adults with embryos. Several young. 

it 

13. 

Five now of adult size. Numerous smaller young. 

tt 

14. 

No change. 


tt 

15. 

No change. 


tt 

16. 

Seven now of adult size. Numerous young. 

tt 

17. 

7 adults, numerous young of 

various sizes. 

ft 

18. 

7 adults, numerous young of 

various sizes. 

tt 

19. 

7 adults, numerous young of 

various sizes. 

tt 

20. 

Numerous adults, numerous young. 

tt 

21. 

Numerous adults, numerous 

young, and this condition pre- 



vailed until July 31 when the experiment was discontinued. 

Experiment 2M. Reduced temperature. 

One Scapholeberis mucronata 


with 2 embryos stage 4, two with 2 embryos stage 3. Set up July 7. 

July 

8. 

Temperature 14, 14, and 14. 

1 young. 

tt 

9. 

„ 14, 14, and 14. 

1 young. 

tt 

10. 

„ 14, 16, and 13. 

1 young. 

tt 

11. 

„ 12, 12, and 13. 

3 young. 

tt 

12. 

„ 13, 13, and 13. 

Two adults dead. 1 young. 

tt 

13. 

„ 13, 12, and 12. 

1 adult, 1 young. 

tt 

14. 

„ 12, 12, and 12. 

1 adult, with eggs. 1 young. 

tt 

15. 

„ 12, 13, and 12. 

1 adult, 1 young. 

tt 

16. 

„ 12, 13, and 14. 

1 adult, 1 young. 

tt 

17, 

„ 12, 13, and 13. 

1 adult, 1 young, nearly adult 




size. 

tt 

18. 

„ 13, 13, and 14. 

1 adult, 1 young, nearly adult 


size. 


10. „ 14, 14, and 14. 

11. „ 14, 14, and 15. 
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July 2 adults. 

„ 20. „ 13, 13, and 14. No change, experiment discon- 

tinued. 

Experiment 2P1. Raised temperature. One Scapholeberis mucronaia 
with 1 embryo stage 5, one with 1 embryo stage 3, one with 7 embryos 
stage 2. Set up July 9. 


July 10. 

Temperature 27, 30, and 30. 

1 young. 

11. 

it 

26, 26, and 27. 

2 young. 

.. 12. 

if 

27, 30, and 30. 

9 young. 

„ 13. 

«« 

30, 30, and 30. 

Numerous young. 

14. 

it 

42 — All dead. 



The results of these experiments, and of many others of a similar nature 
which are not reported in detail, indicate that in these three species of 
cladocerans a high temperature, i.e., 25 — 34°C, materially increases the 
rate of parthenogenetic reproduction, that a low temperature, i.e., 
12 — 14®C, retards this process. It would appear, however, from the 
“room temperature*' experiments reported, and from many others, that 
on the whole a temperature of from 16** to 22'"C is most favourable 
for these species, as while the rate of reproduction is not so rapid, the 
adults live longer, and produce, in the aggregate, more young. That 
the thermal death-point of these cladocerans is between 34'’ and 42‘’C 
was shown, inadvertently, by the temperature of the water-bath running 
up to this latter temperature (due to a variation in gas-pressure) during 
one night, and thus killing all the individuals of several cultures of all 
three species. Warren (1900) found the thermal death-point of Daphnia 
fnagna to be 38. 25®C. 

The effect of temperature on the rate of growth of the Ostracod 
Cyprinotus incongruens is shown very clearly by the results of four ex- 
periments which were carried out on the effect of light, two of these 
experiments being made with the animals in vials in the sea, and two 
in vials in a glass container full of water in an open place on land. 
The temperature in a former case varied from only 12" to 13"C and in 
the latter from 7® — 12® at night and from 17“ to 31 ®C during the 
day. Forty animals were used in each case, and the average growth rate 
per individual during one week was 407 ^ in the case of the lower 
temperature and 1105^ in the case of the higher temperature. 

The Effect of Increased Salt Concentration 

The experiments on the effect of an increase in the salt concen- 
tration were carried out in three ways — 
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1. The animals were placed in culture media in which the salt concen- 
tration was 1J<2, 2, and 4 times as strong as that in which the 
controls were carried. 

2. The animals were placed in water from the original habitat which 
had been reduced to 1/2, 1/4, 1/8, 1/16 and 1/32 the volume 
respectively by boiling, and then aeraicd after cooling. 

3. The animals were placed in pool water reduced to 1/2 the volume, 
and then transferred, every forty-eight hours, to the next highest 
concentration, viz., pool water reduced to 1/4, 1/6, 1/8, 1/12, 1/16, 
1/20 and 1/32. 

Experiments in which 1 and 2 were combined with a high tem- 
perature and a low temperature were also carried out. 

These experiments will be reported in detail only in the cases 

in which the results are of special interest. 

Exp. 18D. Three 5. mucrofiata, with respectively 5 eggs, 3 eggs and clear, 
placed in culture solution lyi concentration on June 26. Car- 
ried until July 22nd, when there were 9 adults and 21 young, of 
various sizes. None ephippial. 

Exp. IW. One S, mneronata, clear, in culture solution twdee concen- 
tration. Set up Aug. 8. Carried to Aug. 16, when dead with 4 
embryos stage 4. 

Exp. 6F. Three Ceriodaphnia reticulata, one with 1 embryo stage 1 ; 
two clear. Placed in culture solution of twice the concentration 
on July 28, One dead with 2 eggs on July 31. One dead with 
1 embryo on Aug, 1. One adult, clear, and 1 young, dead on Aug. 5. 

Exp. 18U. Six S, mucronata, one with 4 eggs, rest clear, placed in 
culture solution of twice the concentration on July 15. All adults 
alive and numerous young on July 29. Some young of adult size 
on Aug. 1, 4 with ephippia on Aug. 2, and another on Aug. 12. 
Five shed ephippia and 9 ephippial individuals on Aug. 17. Only 
3 alive on Aug. 24. I^st dead on Aug. 29. 14 shed ephippia 

present. 

Exp. 2K. Three Sintocephalus serrulatus, 1 with 2 embryos, 2 clear, 
placed in culture solution of twice concentration on July 4th. Con- 
densed data as follows — 

July 12. One adult with 1 egg; 2 clear; 1 young. 

„ 14. One adult with ephippium; 1 with 1 egg; 1 clear; 1 young. 

„ 17. 1 adult with ephippium, 1 with 1 egg, 1 with 1 embryo; 1 

young; 1 shed ephippium. 
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July 

24. 

1 

„ 6 young. 

ff 

25. 

1 

tt ^ If 

ft 

26. 

1 

tt 6 11 

*1 

27. 

1 

tf 5 ,, 

tf 

28. 

6 individuals. 

ft 

29. 

6 

tt 

ft 

30. 

6 

tt 

ft 

31. 

4 

adults, 9 young. 

Aug 

1. 

3 adults, 9 young. 

tf 

2. 

2 

ft 5 ,, 

tr 

3. 

2 

tt 5 If 

ft 

4. 

2 

tt 5 If 

ft 

5. 

2 

ff 5 ff 

tf 

6. 

2 

f » 5 ,, 

ft 

7. 

7 individuals. 

ft 

8. 

4 adults, 5 young. 

tf 

9. 

3 

tf ^ tf 

ft 

10. 

2 

ft 2 „ 

ft 

11. 

2 

f f f ff 

ft 

12. 

2 

ff ^ ff 

tf 

13. 

2 

ff f ff 

ft 

14. 

2 

„ 1 large and 3 small young. 

ft 

15. 

2 

„ 4 young. 

ft 

16. 

2 

ff ^ ff 

tf 

17. 

2 

4 

ff ^ ft 

tt 

18. 

2 

„ several young. 

ft 

19. 

2 

ff »» ff 

tf 

20. 

2 

ff ff ff 

ft 

21. 

2 

ff ff ff 

tt 

22. 

2 

ff ff ff 

Exp. 6a. 

Six 5*. mucronata placed in pool water twice concentrated 


(pool 2) on July 7. 

July 

8. 

No change. 

If 

9. 

Several young. 

tt 

10. 

4 adults, 4 young. [4 adults transferred to pool 4 (Exp. 6A1) 




4 young to 6AB.] 

tt 

11. 

(6A1) 4 adults and numerous young. 

tt 

12. 


2 

tf ^ tt tt tt ff 

tt 

13. 


3 

ff tt tt ft tt 

tt 

13. 

Three young transferred to pool 6 (Exp. 6A1B). Others 




to other experiments. 
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July 14. (6A1B). Three young. 

M 15. „ 2 young. 

„ 16. „ 2 
„ 17. Transferred to pool 8. 

„ 18. 2 young. 

„ 19. 2 young. Transferred to pool 12. 

,, 20. 2 individuals. 

„ 21. 2 adults, 6 young. Transferred to pool 16. 

„ 22 . 2 „ 6 „ 

„ 23. 2 „ 6 „ (1 adult and 1 jv. to 6A1B1). 

„ 24. 1 adult, 5 young. 

„ 25. 5 individuals. 

„ 26. 3 with ephippia, 2 with eggs. 

„ 27. 3 with ephippia. 2 with eggs. 

„ 28. 1 with ephippium, 3 shed ephippia. 

„ 29. 5 adults, 1 with ephippium. 

„ 30. 5 adults. 

„ 31. 5 adults, 2 with ephippia, 4 shed ephippia. 

Aug. 1. 4 adults, 2 with ephippia, 5 shed ephippia. 

„ 2. 4 adults, 2 with ephippia, 2 young. 

M 3. 4 „ 2 „ „ 2 „ 

M 4. 3 „ 2 „ „ 2 „ 

„ 5. 3 „ 2 „ „ 6 shed ephippia. 2 young. 

„ 6. 2 „ each with ephippium, 6 shed ephippia. 

„ 7. 2 „ „ „ „ 6 shed 

„ 8. 1 „ 7 shed ephippia. 2 young. 

„ 9. 3 individuals. 

„ 10. 2 adults, 1 with ephippium. 

„ 11. 2 adult.s, 8 shed ephippia. 

„ 12-13. No change. 

„ 14. 2 adults, 1 with I embryo. 

„ 15. 1 adult. 

„ 16-21. No change. 

„ 22. Dead. 

In the other experiments of this series may be summarized as 
follows — 

Pool 12 (i.e. concentrated to 1/12). Ephippia were produced in 3 cases 
and not produced in 1 case. 

Pool 16. Ephippia were produced in 4 cases and not produced in 2 
cases. 

Pool 20. Ephippia were produced in 2 cases. 
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The animals usually died in a few days in pool 20, and always 
died within four days in pool 32. 

The results of the experiments by these three methods indicates 
that an increase in salt concentration induces the ephippial condition. 
In the case of those experiments in which the animals were left for a 
long time in the same culture solution before ephippia were produced 
I am inclined to discount the salt concentration factor as the causative 
agent, as in these cases it is just as likely that certain excretory products 
may have been the real agents, but in case of the third method, in which 
the animals were transferred frequently to fresh solutions the possi- 
bility of influence of excretory products is completely eliminated. It 
is difficult to find an explanation for the formation of ephippia at low 
temperature rather than at higher temperatures, as this is exactly the 
opposite of the condition which prevails in the spring pools when they 
are drying up and when, as repeated field observations testify, ephippia 
are produced in large numbers. 

The tendency of old cultures, especially those in which the 
population has increased rapidly by parthenogenetic reproduction, to be- 
come ephippial has been noted by several authors, Grosvenor and 
Smith (op. cit.), Langerhans (1909), Smith (1915), and the suggestion 
has been made that certain excretory products are the causative factor. As 
I made no experiments directly aimed at confirming or refuting this 
idea I shall mention here that in four cases cultures of this character be- 
came ephippial, and furthermore that when fresh animals, direct from 
their natural habitat, were introduced into these old culture solutions 
they died within 12 to 14 hours. This very limited data would point to 
certain toxic substances as a causative agent of the sexual condition 
in cladocerans, but as to the actual existence of these substances, and 
as to what is the nature of these substances, are questions which, like 
many other matters in entomostracan metabolism, must be left for future 
biochemical investigations to solve. 


The Effect of Hydrogen ion Concentration 

In the somewhat extensive literature which has grown up in recent 
years concerning the influence of Hydrogen ion concentration upon 
various organisms there is, as far as I know, but one paper (Reed and 
Klugh, 1924) in which entomostracans are mentioned. There is no 
question, however, but that this factor is of great importance not only 
because it probably controls to a certain extent the distribution of many 
species, but because it appears that the tolerance of a species to a wide 
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range of pH indicates a tolerance to a fairly wide range of other 
environmental factors, which is a matter of prime importance from the 
cultural standpoint. 

In these experiments the “steps” in the Hydrogen ion concentration 
were not made very close, as even if adjustment was made to 2/10 of 
a pH unit at the beginning of an experiment, it would be impossible 
to hold it to this throughout the experiment as the respiration of the 
animals, the decomposition products from the organic detritus which 
was put in as food, and other chemical changes, cause a change in the 
pH which would very quickly swing it more than 2/10 of a unit. In 
all cases pH readings (colorometric) were made at the conclusion of 
the experiment in order to ascertain if the pH had really been, through- 
out the experiment, within the range it was supposed to be. In these 
experiments dried organic detritus was placed in the vials as food, instead 
of algae, because obviously the photosynthesis of living algae would 
bring about a rapid change in the pH. The use of soft glass, such 
as that of which vials are made, is open to objection, when close readings 
of pH are to be made, because of the solubility of the glass, but in this 
case, where readings were only to a whole unit, it is not a source of 
serious error. 

No discussion of the value of detritus as food will be entered 
upon here, as this matter will be taken up under the heading of “food 
relations.” In one case (Exp. FF), however, the experiment had to 
be re-set with algae as food, because the animals died when supplied with 
detritus only. 

In each case three animals were used, and they were placed in 
solutions of pH 4, 5, 6, 7, 8, 9, and 10, respectively, the pH being ad- 


justed 

in all 

cases by the use 

of NaOH and HCl, so 

that the 

possible 

influence of different 

salts was avoided. 




Experiment AA. 

pH Range of Cyclops fuscus. 



Aug. 

18. 

19. 

20. 

21. 22. 

23. 

24. 

25. 

pH4 

3 

Dead. 






pHS 

3 

3 

3 

3 3 

3 

2 

2 

pH6 

3 

3 

3 

3 3 

3 

2 

2 

pH7 

3 

3 

3 

3 3 

3 

2 

2 

pH8 

3 

Dead. 






pH9 

3 

Dead. 






pHlO 

3 

Dead. 
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Experiment BB. 

pH Range of Cyprinotus incongruens. 


Aug. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

pH4 

3 

3 

Dead. 





pH5 

3 

3 

3 

3 

3 

3 

Dead. 


pH6 

3 

3 

3 

3 

3 

3 

2 

2 

pH7 

3 

3 

3 

3 

3 

3 

3 

3 

pH8 

3 

3 

3 

3 

3 

3 

3 

3 

pH9 

3 

3 

3 

3 

3 

2 

1 

Dead. 

pHlO 

3 

Dead. 







Experiment CC. 

pH Range of Simocephalus serrulatus. 


Aug. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

pH4 

3 

Dead. 







pH5 

3 


3 

3 

Dead. 




pH6-5 

3 


3 

3 

3 

3 

3 

3 

pH7 

3 

3 

2 

2 

2 Dead. 



pH8 

3 


3 

3 

Dead. 




pH9 

3 

Dead. 







pHlO 

3 

Dead. 







Experiment EE. 

pi I Range of Cypria exculpta. 



Aug. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

pH4 

3 

Dead. 







pH5 

3 

3 

3 

3 

3 

2 

1 

Dead. 

pH6 

3 

3 

3 

3 

3 

3 

3 

3 

pH7 

3 

3 

3 

3 

3 

3 

3 

3 

pH8 

3 

3 

3 

3 

3 

3 

3 

2 

pH9 

3 

2 

2 

2 

2 

1 

1 

Dead. 

pHlO 

3 

1 

1 

1 

1 

1 

1 

Dead. 

Experiment FF. 

pH Range of Alona costata. 



Aug. 

18. 

19. 20. 

21. 

22. 23. 

24. 

25. 26. 27. 

pH4 

3 

Dead. 







pH5 

3 

3 Dead. 

Re-set 

Dead. 




pH6 

pH7 

3 

3 

1 Dead. 
Dead. 

with 

Dead. 

3 3 

3 

3 

3 Dead. 

pH8 

3 

Dead. 


Algae 

3 3 

3 

Dead. 


pH9 

3 

Dead. 


3 Dead. 




pHlO 

3 

Dead. 



Dead. 





In considering the results of these experiments it must be borne 
in mind that these entomostracans were all inhabitants of pools in 
a sandstone and granite region where all the waters have a pH which 
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is less than 7.2, and that some of them were inhabitants of bog pools 
in which the water was decidedly on the acid side. Unfortunately 
no entomostracans from a limestone region were available for ex- 
perimentation, as it would have been interesting to sec if their range 
of tolerance was not more on the alkaline side. Finally I should 
state that I regard these merely as initial experiments, which should 
be repeated many times before definite conclusions are drawn. 

The Effect of Light 

The effect of light on entomostraca has been considered almost 
exclusively from the standpoint of the reactions of these animals to 
phototactic stimuli, and in regard to this matter there is a considerable 
amount of data (v. Bert, 1869; Lubbock, 1881; Merejkowsky, 1881; 
Birge, 1897; Davenport and Lewis, 1899; Yerkes, 1899 and 1900; 
Fordyce, 1901; Parker, 1901; Radi, 1901; Juday, 1903; Esterly, 1907; 
Ostwald, 1907; Franz, 1910; Mast, 1911; Ruttner, 1914; and Banta, 
1921). Little seems to have been done on the influence of light on gen- 
eral metabolism, growth, feeding, or the life-cycle. McClendon (op. 
cit.) mentions an experiment, in which cultures were kept in the dark, 
in weak light and in sunshine, which gave negative results. Warren 
(19(X)) found that 5 individuals of Daphnia magna made slightly 
greater growth and produced many more young under a ground glass 
and in red light than in green or blue light or in darkness. His light- 
conditions were, however, .so poorly controlled that little reliance can 
be placed on his data for red, green and blue light, as the intensities 
of the green and blue were apparently very low, while that of the red 
may have been high. Light affects entomostracans. directly or in- 
directly, in many ways. The amount of light received by a small body 
of water or by the different parts of a large body of water determines 
to a very large extent the quantity and the composition of the flora, 
and this in turn affects the entomostracans in at least two ways — 
it influences the food supply, both as to algae and organic detritus, 
and also the amount of shelter. It affects the activity, and hence the 
amount of food taken, in the case of many species. It plays a part 
in controlling the bacteria which may possibly be pathogenic for en- 
tomostracans. It influences — phototactically — the vertical distribution of 
entomostracans, and hence the layers of water with a greater or less 
ample food-supply, into which they are brought. It is possible that 
light, and especially the shorter wave-lengths, may have a direct lethal 
effect on some fresh- water entomostracans, as has been shown by Hunts- 
man (1924) for certain marine copepods. 
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As no method of obtaining exact quantitative data on the light 
factor of ecological habitats had been developed, an instrument was 
designed and ccmstructed for this purpose. This instrument, which 
is described elsewhere (Klugh, 1925), was not ready for use until late 
in the season of 1924, so that very little data has so far been obtained 
with it. It was found, however, that in a pool constructed in the 
open where it received full sunshine, Cyprinotus incongruens thrived, 
while in a pool constructed in the woods, where the light value on 
sunny days was but 2%, and on cloudy days 10%, of the light in the 
open, it died out. Cyclops fuscus, on the other hand, lived in both pools, 
but did best in the shaded pool. 

Four experiments were carried out, with the co-operation of J. 
Russel Martin, to ascertain the effect of light intensity on the effect 
of light of different wave-lengths on the growth-rate of C. incongruens. 
These experiments were carried out as follows: — 

In all cases the experimental animals were placed in shell vials 
in water from their habitat, together with detritus from their habitat 
and a measured quantity of a pure culture of a palmella alga, as food. 
There was at all times an abundance of food, so that a difference 
in the quantity of food available was not a factor in accelerating or 
retarding the growth rate. The temperature was exactly the same 
for all the animals of a given series. This was brought about in the 
case of the four series on intensity by arranging the vials in such 
a manner that they floated at the surface of the same body or vessel 
of water, and in the case of the series on the effect of wave length 
by having the ‘‘colour-boxes'' side by side and constantly checking by a 
thermometer. The only variable in these experiments, therefore, was light. 

In these experiments on the intensity of light the intensity was 
controlled in the following manner. Pieces of photographic film were 
exposed to a weak light for various brief periods, then developed, 
fixed and dried. These were then matched, visually, against a set of 
neutral filters of known transmission, and the pieces which matched 
the filters having the desired transmission were selected. This method 
of obtaining neutral transmission filters is, of course, by no means 
as accurate as the use of a standard photometric instrument, but as 
a large number of films differing in density from one another by 
very small steps, were prepared to select from, and as the set of 
filters of known transmission, against which these were matched, 
differed from each other in steps of ten per cent., it is believed that 
the error in the transmission of the filters prepared in this manner 
is not greater than five per cent. That is, the intensity given as 



Ecology of Entomostraca 


45 


fifty per cent. ; certainly it was not as low as forty per cent, or as high 
as sixty per cent. 

In the case of the experiment on the effect of light of different 
wave-lengths the spectrum was divided into three regions by the use 
of Wratten filters Nos. 26, 58 and 47. The red filter No. 26, has a 
total transmission of twenty-two per cent, and a transmission greater 
than ten per cent, only from w. 1. 690 /z downwards. The green 
filter, No. 58, has a total transmission of twenty-three per cent, and a 
transmission above ten per cent, only from 580 pi to 490 n. The 
blue filter, No. 47, has a total transmission of 2.9 per cent., and a 
transmission greater than ten per cent, only from w.l. 500 p* upwards. 
The spectrophotometric curves, and full transmission data on these 
filters are given in “Wratten Light Filters*' issued by the Eastman 
Kodak Company. All the filters were brought to very nearly the same 
total transmission value, i.e., a close approximation to 2.9 per cent., 
by placing a prepared film filter of approximately 12.5 per cent, behind 
the red and green filters in the colour-boxes, those neutral filters 
being selected whose density fell between that of the ten per cent, and 
fifteen per cent, filters of the set of known transmission. 

In each experiment a sufficiently large number of animals was 
used to eliminate errors due to individual variations in growth rate. 
Each animal was measured with a micrometer eyepiece, the length 
being recorded in micra, at the beginning of the experiment, and again 
at its conclusion a week later. 

In the case of the intensity experiments the corks of the vials 
were sealed over with paraffin, and each vial was placed in a larger 
vial, which had a piece of cork at the bottom to cut off light from 

this direction. The vial in which the animals were to be exposed to 

full light was simply placed in a larger vial, which was sealed with 
paraffin. The vial in which the ostracods were to be exposed to an 
intensity of fifty per cent, light had the fifty per cent, transmission 
film placed between it and the larger vial, the vial in which the animals 
were to be exposed to an intensity of twenty per cent, had a twenty 
per cent, film placed between it and the larger vial, while the vial 
for total darkness was wrapped in black paper and then in white paper 
before it was placed in the larger vial. The white paper outside the 

black for the “darkness vial'* was used to prevent a possible rise in 

temperature due to absorption of heat by the black paper, and that 
the rise in temperature was no greater when exposed to full sunlight 
than in the other vials was proved before the beginning of the 
experiments. 
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In the experiments on the effect of light of different wave-lengths 
the vials were placed in small boxes, with a light-tight sliding door 
at the back, and the filters forming the wholo front of the box. 
These “colour boxes” were placed close to the glass in an east window. 

Effect of Light Intensity. Experiment No. 1. This experiment 
was set up on June 24. The vials were arranged on a board which was 
fixed to a floating breakwater in the St. Croix River so that they were 
just beneath the surface of the water. The lengths of the animals 
(averages of 10) were as follows, all measurements being in micra: — 

Full light 925.6. Fifty per cent, light 901.5. Twenty per cent, 
light 911.3. Darkness 602.1. 

When read on July 1 the measurements were as follows: — 

Full light 1115.1. Fifty per cent, light 1066. Twenty per cent, 
light 1154.5. Darkness 895.4. 

The average increase per animal was: — 

Full light 189.1. Fifty per cent, light 154.5. Twenty per cent, 
light 92. Darkness 57.3. 

Effect of Light Intensity. Experiment No. 2. This experiment 
was carried out in the same way as experiment No. 1. The experi- 
ment was begun on July 22 when the measurements were as follows : — 

Full light 379.4. Fifty per cent, light 369.1. Twenty per cent, 
light 349.0. Darkness 362.4. 

On July 29 the measurements of the animals were as follows : — 

Full light 597.7. Fifty per cent, light 634.4. Twenty per cent, 
light 590.9. Darkness 449.4. 

The average increase per animal was: — 

Full light 218.3. Fifty per cent, light 265.3. Twenty per cent, 
light 241.9. Darkness 87.0. 

Effect of Light Intensity. Experiment No. 3. This experiment 
was performed in the same way as experiment No. 1 except for the 
following modifications: the boards supporting the vials were placed 
in large glass jars which were kept filled with water and were placed 
in an open situation; a sinker was attached to each board to hold 
the vials about one centimeter below the surface of the water; and 
the experiment with the intensity of the light at twenty per cent, was 
omitted. Six vials were used each containing ten animals. On July 21 
the measurements of the animals were as follows: — 

Full light 362.05. Fifty per cent, light 377. Darkness 306.2. 

On July 28 the average lengths of the animals were as follows: — 
Full light 977.05. Fifty per cent, light 962. Darkness 519.6. 

The average increase per animal was as follows: — 
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Full light 615. Fifty per cent, light 585. Darkness 213.4. 

Effect of Light Intensity. Experiment No. 4. This experiment 
was a repetition of experiment No. 3. The experiment was begun 
on July 29 and on that date the measurements of the animals were 
as follows: — 

Full light 512.2. Fifty per cent, light 576.4. Darkness 545.7. 

On August 5 the average lengths of the animals were as follows: — 
Full light 903.1. Fifty per cent, light 1048.9. Darkness 677.3. 
The average increase per animal was as follows : — 

Full light 490.9. Fifty per cent, light 472.5. Darkness 131.6. 
Effect of Light of Different Wave-lengths. The details of the 
procedure of this experiment arc described above. On July 21, when 
the experiment was begun, the measurements of the lengths of the 
animals were as follows: — 

Red 373.1. Green 376.3. Blue 368. 

On July 28 the average lengths of the animals were as follows: — 
Red 456.5. Green 548.8. Blue 573.9. 

The average increase per animal was as follows: — 

Red 83.4. Green 180.7. Blue 205.9. 

A probable explanation for the more rapid rate of growth in full 
light and in fifty per cent, light than in the dark is that the animals 
are more active in light than in the dark and as a rCvSiilt of their 
activity they spend more time in feeding. The greater activity of 
C. incongruens in light of high intensity was proved experimentally. 
The higher mortality which was found in the case of the animals in 
the dark may possibly be associated with bacterial infection, as Dr. 
Guilford Reed, who kindly examined the contents of a vial which had 
been in the dark and in which the mortality had been high and of 
that of a vial which had been in full light, reported a heavy infection 
of bacteria of B colli type in the former vial and no bacteria of this 
type in the latter. The greater growth in the blue region of the 
.spectrum may likewise be associated with greater activity, as the ani- 
mals appeared to be more active in blue light than in red. 

One experiment on the effect of light intensity on the growth-rate 
of Scapholeberis mucronata was carried out, the method being the same 
as employed for Cyprinotus, with the exception that only five young, 
338^^1 in length, were used at each intensity. In this experiment the 
average increments per animal per week were as follows: — 1 

100 per cent. — 185. 

50 per cent. — 154. 

Darkness — 61. 
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Two other experiments of the same nature with this species were 
failures because of the death of all the animals in darkness. 

The reasons for the greater growth in the light in this species, 
and for the high mortality in the dark, are probably the same as for 
Cyprinotus. That S. mncronata is far more active in light than in 
darkness or in an extremely dim light was proved by many observations. 

The Effect of Photoperiodism 

The eifect of the relative length of day and night upon the 
metabolism of plants has been considered by several authors, as 
MacDougal (1903), Tournais (1912), and especially Garner and 
Allard (1920) who suggested the name photoperiodism for this phen- 
omenon. Recently Marcovitch (1924) has shown that the appearance 
of the sexual forms of several species of Aphis is controlled by phoU>- 
periodism. 

Four experiments with Simocephalus serrulatus and two with 
Scapholeberis mncronata were carried out to test the effect of photo- 
periodisni, the experimental animals being exposed to north light for 
only six hours per day (12 noon to 6 p.m. in July), while the controls 
were in north light for the whole period of daylight. No effect on 
the production of ephippia was found, as none were produced in 
either the experimental animals or the controls, and the only difference 
was that the animals exposed to light throughout the day lived longer 
and produced more young than those which received but six hours 
light. 

It cannot be assumed from these negative results that photo- 
periodism does not play a part in the onset of sexuality in any cladocer- 
ans, as the animals experimented on were both from pools, and there 
is a possibility that this factor may be effective in the case of planctonic 
species which produce ephippia in the largest numbers when the days 
are rapidly growing shorter. 


Enemies 

The chief enemies of entomostracans arc, as far as I have been 
able to determine, fish, dragonfly nymphs and Hydra. The role of 
fish as enemies is sufficiently demonstrated by the data given at the 
beginning of this paper, and, moreover, as we are here concerned with 
the raising of entomostracans as food for fish, we regard as enemies, 
in the practical sense, only those animals which compete with the 
particular species of fish we wish to benefit by the supply of entom- 
ostracans provided. 
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Dragonfly nymphs feed voraciously upon entomostracans. I have 
seen a nymph of Aeschna umbrosa snap up six Simoccphalus serrulatus 
in a minute, though in this case, it is true, tlie nymph had not been 
fed since the previous day. From observations in the field I am 
inclined to think that in many habitats the chief food of dragonfly 
nymphs consists of entomostracans. 

Hydra viridissima, H. oligactis and H. vulgaris seem to feed 
almost exclusively on entomostracans. Repeated observations, both in 
the field and laboratory, tend to confirm this statement. I have seen 
a specimen of H. oligactis with five specimens of Cyprinotns incon- 
gruens in its gastro-vascular cavity at one time. 

While the above-mentioned animals are apparently the chief enemies 
of entomostracans there are several other animals which feed on these 
minute crustaceans to a greater or less extent, and concerning three of 
these 1 secured positive data. 

I had noticed on several occasions that when tadpoles of Rana 
clamitans and Rana sylvatica became abundant in a pool the number of 
cladocerans decreased. Furthermore, I felt fairly certain that I had, 
while watching the animals in their natural habitat, seen a tadpole cat 
a cladoceran, but exact observation on this matter was practically im- 
possible in the field. In order to make certain, experiments were made 
in the laboratory. First four tadpoles of Rana sylvatica were dissected 
and the contents of their alimentary tracts examined, with entirely 
negative results as far as cntomostracan remains were concerned. On 
June 26 six specimens of Simoccphalus serrulatus w'ere placed in a 
vessel with two tadpoles of sylvatica and with algae as food for the 
latter. The tadpoles were watched closely for two hours and seemed 
to pay no attention to the cladocerans. On June 28 all the cladocerans 
had disappeared and on dissecting the tadpoles three of the cladocerans 
were found in their intestinal tracts. This proved that the cladocerans 
had been eaten either purposely, or accidentally along with the algae. 
On June 29 six S. serrulatus were placed in a vessel with two tadpoles, 
of the same species, and with no algae. On June 30 only one cladoceran 
remained. Here, again, the eating might have been accidental as the 
tadpoles might have taken the cladocerans along with the algal cells 
which were present in their excrement and which they were seen to 
rc-ingest. On June 28 six tadpoles were put in filtered pool water with 
no food. The water was changed on June 29 and again on June 30, so 
that all excrement was removed, and as no food had been taken no 
more intestinal contents remained to be excreted. On June 30 six 
S', serrulatus were placed in a vessel with three of these tadpoles, and 
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six in another vessel with the three other tadpoles. On July 1 all the 
cladocerans had disappeared from the first vessel and only one remained 
in the second. On July 2 the last cladoceran had disappeared. Exam- 
ination of the contents of the alimentary tracts of three of these tadpoles 
showed remains of cladocerans. This conclusively proved that tad- 
poles of 7?. sylvatica, while they undoubtedly feed chiefly on algae, do 
sometimes purposely take cladocerans. 

Another animal which was proved to be an enemy of entomos- 
rtacans was the larva of Corethra. Larvae of a species of this genus 
which were obtained from Bocabec Lake, and kept in vessels in the 
laboratory for three weeks, were repeatedly seen to seize and devour 
specimens of Cyclops fuscus, Simoccphalus scrrxihtus, and Ccriodaphnia 
reticulata. Baird (1850 p. 7) and Birge (1897 p. 311) mention Corethra 
as an enemy. Young larvae of Dytiscus feed voraciously on entomos- 
tracans but larger larvae pay no attention to them. 

Animals which were experimented with to see if they might pos- 
sibly be enemies of entomostracans, but which proved to be entirely 
innocent in this respect, were Ranafra fusca, Notonecta undxilata, and 
Gerris remigis. 

Among the enemies of entomostracans must be reckoned certain 
other entomostracans, as Leptodora kxndtii (Birge, 1897, p. 351) feeds 
largely on smaller cladocerans and I have repeatedly seen large Cyclops 
fuscus seize and devour small specimens of its own species. 

Food-Relations 

The earlier writers on Entomostraca are extremely vague in their 
statements as to the food of these animals. Muller (1785) states that 
they live on vegetable matter. Jurine (1820) says that Cyclops is car- 
nivorous and that Daphnia feeds on animalcules, Schaeffer, as quoted 
in the translation in Jurine (op. cit), refers to the food of entom- 
ostracans as “insectes.” Straus (1821) gives vegetable matter as their 
diet. Baird (1850 p. 6) says that they are carnivorous and feed on 
animalcules, and Ryder (1881) makes the same statement. Kochs (1892) 
says ‘‘Von dem richtigen Gedanken ausgehend, dass die kleinen Kruster 
von Infusorien leben.” 

A considerable number of more recent authors infer from the 
occurrence of certain species of entomostracans in waters in which algae 
are abundant that these animals feed on green algae, and ‘Spools rich 
in algae” is a common phrase in describing the habitat of a species. 
Thus Schacht (1897) says of Diaptomus stagnalis, “The pool in which 
they were taken was particularly rich in decaying vegetable matter. 
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It literally swamied with Volvox. The food-supply was practically 
inexhaustible and the specimens taken were unusually large.** 

Eordyce (1901) speaks of “an abundant growth of Cladoceran 
food in the form of infusoria and algae of several varieties.** Birge 
(1897) has given the best account of the focxl of entomostracans, as 
observed in their natural habitat, with which I am familiar. He states 
(p. 353) that three species of Daphnta eat Aphanizemonon with avidity, 
also filamentous diatoms, including Fragillaria, Mdosira, and Diatoma, 
and (p. 355) that Cyclops is carnivorous, devouring rotifers, nauplii, 
and other animals as well as plants. He mentions Cyclops as feeding 
also on Ccratium, but that this hard-shelled flagellate is not eaten by 
Daphnia, nor to any large extent by lyiaptomus, which feeds mainly on 
Anahacna and Aphanizemenon. His statement (p. 353), “since thcvse 
preferences for various kinds of food arc so strikingly marked’* is 
especially worthy of note, as it is often assumed that there is little or 
no choice in the matter of food among entomostracans. 

Vavra (1891) says of the Ostracoda, “Zur Nahrung dienen den 
rncisten Artcn vorzuglich die Lcichen verschiedener Wasscr — und an- 
derer Thierc, an denen sic sich massenhaft anzusammeln pflegen. Eine 
geringere Anzahl von Arten sucht vegetabilische Nahrung auf und ich 
fand in dem Verdauungskanal derselben oft die Schalen von Diatom- 
aceen and Algenreste uberhaupt.” 

Apstein (1896), on the basis of examination of contents of their 
alimentary tracts, states that Bosmina, Daphnia and Diaplomtis feed on 
Melosira. 

Woltcrcck (1908) says, “Zwar kann man auch mit Kulturen von 
Scenedesmus, Khaphidium, u.s.w. die pelagischen Daphnien ernahren, 
aber viel besser gcdcihen sic bei FiUterung mit kleinsten Palmellacecn, 
Chlorella, u. dgl.** 

McClendon (op. cit) says, “I had in the laboratory a pure culture 
of a unicellular green alga which the daphnids ate readily.** 

Scharfenberg (1914), speaking of Scenedesmus, says, “Es hat sich 
wiedcr als ein ganz besonders gutes Putter fiir Cladoceren bewahrt.” 

Dodds (1915) says, “The Entomostraca feed almost exclusively 
upon microscopic plant forms which are abundant in all waters.’* 

Smith (1915) states that they feed on “Green Algae such as Pro- 
tococcus.** 

Birge (1918) says that the food of the Cladocera “consists largely 
of algae» though nothing edible is rejected that the current brings in/* 
which seems somewhat at variance with his statement (1897, p. 353) 
as to selection of food. 
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Moore (1920) records Bosmina feeding on the antherozoids of 
Volvox, and Scapholeberis having in the digestive tract ‘‘a miscellaneous 
diet of unicellular and palmelloid algae.’’ 

Moore (1922, p. 61), speaking of Cyclotella, says, ‘Tt occurs 
throughout the summer as the dominant plankton alga in the food canal 
of the three most cdmmon species of water-fleas.” 

Green (op. cit) raised his experimental Simocephalns vetulxis by 
placing a single female, with eggs or embryos in the brood pouch, in 
a three gallon aquarium in which a growth of green algae had been 
obtained by stocking the jar with algae, inserting two or three frogs, 
and keeping the jar covered to insure the maintenance of a high per- 
centage of COa and the depletion of oxygen. He states that the daph- 
nids ”did not thrive on algae artificially produced,” that is, by the use 
of culture solutions, but that the animals did well on algae produced as 
above. 

Reviewing the literature which has so far been cited we see that 
the food of all the entoniostracans mentioned is given as consisting of 
living organisms — either plant or animal — with the exception of some 
ostracods which are said to feed on dead animal matter. The organisms 
which are listed as entomostracan food may be divided into groups 
as follows: — (1) Protozoa. No data as to species eaten, or as to whether 
any protozoan is actually eaten, (2) Diatoms. The genera Melosira, 
Cyclotella, Fragillaria and Diatoma found in alimentary tracts. (3) 
Flagellata. Volvox suggested because of its abundance in the habitat; 
Ceratium seen to be eaten. (4) Cyanophyccae. Aphanisemcnon and 
Anabaena mentioned. (5) Chlorophyceae. ‘’Unicellular green algae” 
mentioned but no generic or specific determinations except Scenedesmus, 
and Volvox. (6) Other entoniostracans. Given as eaten by Leptodora 
and Cyclops. 

We now turn to two other kinds of foods which have been suggested 
as furnishing nutrition for entoniostracans — organic substances in 
solution and organic detritus. Suggestions that organic substances in 
solution may play a part in the nutrition of entoniostracans, especially 
of Daphnia pulex, are found in the earlier literature in which it is noted 
that certain entoniostracans are abundant in pools which contain a large 
amount of these substances in solution, as in the case of barn-yard pools. 
Such observations, of course, convey no predisc information as to 
the exact nature of the food, as in these cases it might be the dissolved 
substances, or it might be detritus which gathers in such places, or it 
might be algae, or other organisms which are nourished by the dissolved 
substances. 
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The first experimental evidence on the role of organic sediment 
and dissolved organic substances in the nutrition of entomostracans was 
furnished by Knorrich (1900), who placed a group of ten daphnids 
in an unfiltered straw-infusion and another group of ten in a filtered 
straw-infusion, the experiment running for ten days, and the infusion 
being changed daily in the latter case. From these experiments he 
concludes that “die organische tote Subslanz, scdimentar oder gelost, 
von den Kriistaceen all Nahrungsmittel erfolgrcich verwertct worden 
ist,“ and that, “geloste organische Substanzen von den Krcbstierchen 
sowohl aufgenommen als auch verwertet werdcn.” 

Putter (1908, 1909, 1911) included the entomostracans among the 
animals which derived a considerable amount of their nutriment from 
the organic substances dissolved in water. Wolff (1904) says, “fiir 
Simocc/^halus vctulus die Piitterschc Theorie sich volkommcn zutreftend 
crwiesen hat.“ 

Putter’s methods and conclusions have l)een called into ({uestion by 
several investigators, as Lehman (1910), Kerb (1910), and Lipschiitz 
(1913). Kerb found that daphnids lost weight in an organic solution. 
Lipschiitz’ results from investigations on fish, actinians and ascidians, 
entirely contradict the conclusions of Putter in regard to the use of 
dissolved substances by these animals, and in regard to cladocerans, 
Lipschiitz, after reviewing the work of Wolff and Kerb, says, “Man 
kann auch fiir die Krustaceen die Frage nach der Moglichkcit einer 
Aufnahmc geliistcr organischer Stoff aus dem natiirlichen Medium nicht 
be j abend beantworten.” 

Kuttner (1909) says, “Als Futter verwendete ich bei Moina para- 
doxa Weizenmehl, bei iibrigen Arten einen Brei von pflanzlichen Detritus, 
den ich erhielt, indcin Wasserpflanzen. haupsachlich Elodca, mit eincni 
Ilolzloffel durch ein feines Drahseib presste.“ 

Naumann (1918 and 1920), as a result of a study of the filtration 
apparatus and an examination of the contents of the alimentary tracts 
of cladocerans, conies to the conclusion that “staubfeine Detritus” plays 
the chief part in the nutrition of cladocerans of the “filtrierenden Typus,” 
and that the algae other than Chlamydomonas are not digested. 
Naumann (1923), discussing the feeding of copepods, shows that 
Cyclops leuckartii and Heterocope appendiculata mainly “als Raubtiere 
arbeiten,” Diaptomus gracilis “gehort dem Typus der nicht wahlerisch 
arbeitenden Fein — und Grob-Filtratoren an,” and that nauplii exhibit 
“der schwach wahlerisch arbeitenden Feinfiltratoren.” 

My investigations on the food-relations of Entomostraca fall under 
three headings: — 
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1. Examinations of the contents of the alimentary tracts of numerous 
species. 

2. Observations on food-taking, including: — 

(a) The kind of material actually swallowed. 

(b) The action of the mouth-parts. 

(c) The progress of the material through the alimentary canal. 

3. Experiments in keeping the animals on various kinds of food. 

Examinations of Intestinal Contents 

If the kind of material found in the alimentary tract is a safe 
guide to the nature of the food of entoniostracans, then the majority 
of those species with which I have dealt feed on unicellular green algae. 
It is by no means easy to indentify specifically the algae found in the 
alimentary canals of these animals, because of the finely-comminuted 
condition of most of the material, but here and there, by examining a 
large number of animals, one is able to find a cell sufficiently intact 
to determine the species with certainty. The determinations which I 
have made are as follows:-- 

Simocephahis scrrulatus — palmella forms (these are spherical green algae 
of indeterminate systematic position, which will be discussed later), 
Scenedesmtis bijuya, S, quadricauda, Rliapliidium falcatum, Chlamy- 
domonas communis, Pediastrum h&ryanum, P. tetras, Hacmatococcus 
pluvialis, 

Daphnia pulex pulicaria — palmella forms, very small colonies of Volvox 
aureus. 

Daphnia retrocurva — palmella forms. 

Ceriodaphnia reticulata — palmella forms, Scenedesmtis bijuga, S. quad- 
ricauda. Rhaphidium falcatum. 

Scapholeheris mucronata — palmella forms. Scenedesmus bijuga, S. quad- 
ricauda, Chlamydomonas communis. Small liretnosphaera viridis. 
Sida crystallina — palmella forms, Pediastrum boryanum. P. tetras. 
Bosmina longirostris — palmella forms, Rhaphidium falcatum. 

Ophryoxus gracillis — palmella forms, 

Pleuroxus hastatus — palmella forms. 

Pleuroxus striatus — palmella forms. 

Alona guttata — Scenedesmus bijuga, palmella forms. 

Alona costata — Chlamydomonas communis, palmella forms. 

Chydorus sphaericus — palmella forms. 

Polyphemus pediculus — Chlamydomonas communis, 

Cypridopsis vidua — Chaetophora elegans, Conferva bombycina tenuis, 
palmella forms. 
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Potamocypris smaragdina — palmella forms. 

Cyprinotus incongruens — palmella forms. 

Cypris fuscata — palmella forms. 

Cyclocypris castanea — palmella forms, Sccnedesmus quadricauda. 
Cyclops biciispidatus — ChaetopJiora elegans. 

Cyclops fusctis — palmella forms, Clilamydomonas communis, chitin frag- 
ments. 

Diaptomus birgei — palmella foniis. 

In the case of the higher animals the finding of certain substances 
in large quantity in the alimentary tract is taken as prima facie evi- 
dence that the animals feed on these substances, and a large part of 
our knowledge of the food of these animals, especially of birds and 
fishes, rests upon such evidence. Until very recently such evidence 
has been regarded as entirely satisfactory in the case of entomostracans, 
but the observations of Naumann (1920) that algal cells pass through 
the intestinal tract of some cladocerans in an apparently undigested 
condition, and observations of my own that under certain conditions 
algal cells are extruded apparently intact from the posterior end of the 
alimentary canal, throw some doubt on the validity of conclusions 
based on this evidence. 

The question as to the weight which is to be given to evidence 
from the examination of intestinal contents of entomostracans is by 
no means a simple one, but involves several considerations. If entomos- 
tracans take into their alimentary tracts any material which is brought 
to the mouth by the current set up by the feet (in cladocerans) or by 
the maxillae (in copepods) and which is small enough to swallow, 
without any selection, and if much of this material is extracted in an 
apparently unchanged condition, then the data derived from the exam- 
ination of intestinal contents is of no significance. If, however, there 
is selection of material — some kinds being swallowed and some kinds 
rejected, then it is prima facie evidence that the material swallowed is 
food material. If. moreover, it is ascertained by critical observation 
that a certain material does, under certain circumstances, undergo a 
change in the alimentary tract — even though under other circumstances 
this same material is extended apparently unchanged — this is further 
evidence that the material in question has a food value. Thus more 
than the mere examination of the intestinal contents is evidently neces- 
sary before sound conclusions can be drawn as to the food of any 
species of entomostracan, and the data given above must be considered 
in the light of the results attained by the other methods which are 
dealt with in succeeding sections. 
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While on the subject of the examination of intestinal contents I 
may state that I place very little reliance on evidence as to the nature 
of the food of any aquatic animal from the finding of "‘staubfeine Detri- 
tus” in the alimentary tract, as any material which is not too hard may 
be reduced to this condition by the activity of the digestive process. 

Actual Observations on Food-taking in Entomostracans 

I have devoted a great amount of attention to this matter, chiefly 
because, at the time I began my investigations, there was apparently 
an entire lack of data on this subject, and, latterly, because of the bear- 
ing such observations have on the validity, or otherwise, of conclusions 
based on the examination of the contents of the intestinal tracts. 

The difficulties of this work are very great, and I have brought 
into play many and various devices in an effort to surmount them. The 
main inherent difficulty is that the animal must be kept continuously 
in view for a considerable time and at the same time sufficient magni- 
fication must be employed to allow the recognition of each particle of 
material which is brought to the mouth, and to see the actual operation 
of swallowing. Some methods have proved effective with some 
species, but quite useless with others. The chief methods which I 
have employed are: — 

1. The watching of the animals in a spectroscopic cell through a 12X 
hand-lens. This method is of use only in the case of large species 
and when the animals are feeding on algae — which have been 
previously, or may be subsequently, specifically determined under 
the compound microscope — or on some other definite food material, 
which lies close against the glass. This method has given fairly 
satisfactory data on some ostracods and some copepods. 

2. The observation of animals in a spectroscopic cell through a com- 
pound microscope, with a “Davon” tele-microscopic attachment, the 
microscope being so mounted that it could be swung to follow the 
movements of an animal. This method, at first, seemed to hold great 
promise, but the difficulty, which, after trials of various powerful 
electric "spotlight” lamps, and systems of mirrors to reflect sunlight, 
proved insuperable, was to get sufficient illumination at magnifications 
high enough to allow of the specific recognition of food-material. 
This method, therefore, yielded only some data on the course of the 
currents which brought material towards the mouth in cladocerans. 

3. The watching of animals on a slide, in a minimum amount of water, 
under the compound microscope. Various modifications of this 
method were tried, cells of different kinds being given a trial, and 
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in spite of the difficulty imposed by evaporation, which shortened the 
period of continuous observation, the use of an amount of water 
insufficient for the animals to swim in (with, of course, no cover 
glass) proved most satisfactory. This method gave some very good 
data on some species of cladocerans, especially Simocephalus serru- 
latus, Daphnia pulex pulicaria, Ceriodaphnia reticulata, and Sida 
crystallina, but was of no use in the case of ostracods or copepods. 

The use of very small cells (made by using a cardboard “form*' the 
size and shape of the cell, covering this with rosin and beeswax 
cement, fastening it to a slide, and cementing a portion of a cover- 
glass over it) set up on the stage of an “erect image” (prism system) 
microscope, fixed in a horizontal position. The size of the cell had 
to be very nicely adapted to the size of the animal to be used, 
so as to allow sufficient room for the free movement of the appen- 
dages, but not enough room for the animal to move out of the 
field of view. This method yielded very good results in the case 
of copepods, more especially when only one kind of food material 
was supplied at a time, as the depth of the cell precluded the use 
of high powers. Of special value in this method was a battery of 
eye-pieces of various magnifications up to 25X, which permitted 
a rapid change to higher powers when the animal was in an excep- 
tionally favourable position to observe the action of the mouth- 
parts. 

Most work was done with Simocephalus serrulatus. This species 
was .seen to swallow palmella forms, Haematococcus pluvialis, 
Scencdesmiis biju<ja, S. quadricauda, Rhapliidium falcatnm, Tetroi^dron 
minimum, and Chlamydomonas communis. An extensive series of ob- 
servations upon the method of feeding and the rate of feeding in this 
species was carried out with the co-operation of R. Gordon Sinclair, the 
animals being placed in a hollow-ground slide with a suspension of pal- 
mella algae and observed through a compound microscope, various ob- 
jectives and eye-pieces being employed as occasion demanded. The 
method of feeding is as follows: — The algae are strained out and packed 
between the bases of the feet by the fine setae on these appendages, 
and passed slowly forward until the masses of algae reach the anterior 
part of the thorax, at which point portions are introduced between 
the mandibles by the action of the maxillae. The mandibles, by a rotatory 
and oscillatory motion, grind the algae once between their distal sur- 
faces after which the algae pass into the oesophagus. In the oral portion 
of the oesophagus the material is collected into balls, each of which, 
after reaching a definite size, is caused to pass to the stomach by the 
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constriction of the oesophageal walls. When the intestine has become 
more or less tightly packed with material a definite amount of excreta 
is ejected from the anus. However, not all the material which is packed 
between the bases of the feet and introduced between the mandibles, 
is eaten by the animal. When a much-entangled mass of material comes 
within the reach of the maxillae, or when some undesirable material is 
introduced between the mandibles, a very precise method of ejection 
comes into play. This method is as follows: — (1) the labium, which 
acts as a sort of slide on which the food is passed forward, is drawn 
downward and backward by the contraction of its attached muscles, 
(2) the first foot is bent at its basal joint and is drawn forward and 
upward, (3) with two or three rapid downward and backward motions 
of the first foot the undesired material is removed from between the 
mandibles by the two spines on the anterior face of the basal joint of 
the first foot, (4) the force of the rejection carries the material back- 
ward and among the legs, and, (5) with a powerful scoop of the post- 
abdomen the material is ejected into the water behind the animal. 
Large masses of entangled algae, Euglena intermedia and its cysts, Par- 
amoecium caudatum and P. bursaria, were observed to be ejected in this 
manner. 

An attempt was made to get some quantitative data on the food of 
Simocephalus serrulatus. Several animals were weighed on an analyti- 
cal balance, each being left on filter paper for a standard time (15 
seconds), to take off the surface water, before weighing. The individ- 
uals weighed ranged in weight from 1.3 to 0.7 milligrams, this range 
corresponding with a range in size from 2.944 mm. long by 1.984 mm. 
wide to 1.792 long by 0.1216 wide. It was found that a mass of pal- 
mella algae of 1.248 cu. mm. weighed 0.5 milligrams and contained 
8,551,500 cells, which figures must, of course, be regarded as approxi- 
mations only. The rate of feeding of 56 individuals was determined 
and the length of time required to fill the intestine with fresh material 
varied from thirty minutes to two hours and fifty-five minutes. This 
variation was so wide that an average figure would be entirely mean- 
ingless, and, moreover, precluded the acquisition of quantitative data 
on the food of this species. 

Some figures which were obtained in the course of this investi- 
gation are, however, of interest. Twelve individuals were measured 
with a micrometer eye-piece, as to their length, breadth and thickness and 
the length and average diameter of the alimentary tract, and from these 
figures the mass of the animals and of their alimentary tracts was cal- 
culated. The average of these figures is as follows: — 



Ecology of Entomostraca 


59 


Length of body 
Breadth of body 
Thickness of body 
Length of stomach 
Diameter of stomach 
Length of intestine 
Diameter of intestine 
Mass of animal 
Volume of stomach 
Volume of intestine 


1.629 mm. 

0.963 mm. 

0.814 mm. 

0.187 mm. 

0.124 mm. 

1.455 mm. 

0.090 mm. 

1.274 cu. mm. 
0.003 cu. mm. 
0.0123 cu. mm. 


Sida crystallina has been seen to cat palmclla forms, Pediastrum 
tetras, and Sccncdcsmus quadricauda. The majority of Volvox aureus 
colonies arc too big for it, as are also full-size specimens of Ercmosphacra 
idridis. Euglena intermedia. Paramo ecitim caudation, P. bursaria, and 
Astasia lagenula were rejected. Though the food stream is continuous 
in this species, it does not eat continuously, as for various periods of 
time the labium may be kept up and the mandibles motionless. Obser- 
vations on ten individuals which had been kept in filtered water until 
the contents of their alimentary tracts had changed from green to brown- 
ish-yellow and then placed, individually, on slides in a suspension of 
palmella algae, showed that they required from IS to 28 minutes to fill 
the alimentary canal with fresh algae. After this the animals continued 
to feed, and when this process was continued at a rapid rate, much of 
the algae appeared to be extruded intact from the tract. 

Ceriodaphnia reticulata was seen to swallow palmella forms, and 
Rhaphidium falcatum; Daphnia pulex pulicaria swallowed very small 
colonies of Volvox aureus and Chlamydoynonas communis; Scapholeberis 
mucronata was seen, by a .study of the very largest specimens, to eat 
palmella fonns and Chlamydomonas communis; and Polyphemus pedi- 
cules was observed to swallow Chlamydomonas communis. 

Exact observations on the food-taking of ostracods are very difficult 
on account of the opacity of the shell, but I have, under exceptionally 
favourable circumstances, seen Cypridopsis vidua crop the ends off the 
delicate filaments of Chaetophora clegans; and Cyprinotus incongruens 
scrape the coating of palmella algae from the angles of dead Carex 
stems and also take in minute portions of the muscle of dead insects. 

Cyclops fuscits has been seen to take in palmella algae, and to seize, 
and partially devour small specimens of its own species and of Diaptomus 
birgei, 

Diaptomus birgei has been observed to swallow palmella algae. 
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The Raising of Entomostracans on Certain Kinds of Food. 

Whatever doubts may exist as to the validity of conclusions based 
upon the examination of intestinal contents, or even upon direct obser- 
vations of the taking of material into the alimentary tract, there is no 
ambiguity about conclusions based on the raising of entomostracans on a 
certain food material. 

I have produced pure cultures of palmella algae, as will be described 
later, and on this food-material I have reared many generations of the 
following species : — Simocephdus serrulatus, Ceriodaphnia reticulata, 
Scapholeberis mucronata, Sida crystallina, Pleuroxus hastatus, Alona 
guttata, Alona costata, Chydorus sphaericus, Cypridopsis vidua, Cypri- 
notus incongruens, Cypris fuscata, Cyclocypris lutca, Cyclocypris forbesi, 
Cyclocypris castanea, Cypria exculpta, Cyclops serrulatus, and one gen- 
eration of Cyclops fuscus. 

This is conclusive evidence that these species are able to live, grow, 
and reproduce upon a diet of planet onic Chlorophyceae. Knorrich (op. 
cit.) found the same thing to be true for Daphnia pulcx. This is ob- 
viously a conclusion of supreme importance in regard to the culture 
of entomostraca, but it does not settle the question as to whether organic 
detritus may not also be able to function as nutritive material for 
entomostracans. 

In order to get some light on this matter I undertook, with the 
co-operation of L. R. Merkley, a somewhat extensive series of experi- 
ments on the feeding of entomostracans on organic detritus. 

What is organic detritus, or “staubfeine Detritus?"’ The only logical 
definition, to my mind, is — organic detritus is the fine sedimentary material 
resulting from the disintegration and partial decay of plant and animal 
matter. Under natural conditions there is no question but that this 
organic detritus must be mixed with a greater or lesser amount of inor- 
ganic detritus, and microscopic examination of detritus from the bottom 
of various aquatic habitats has shown me that the ratio of inorganic 
to organic material varies from about ten to about ninety per cent. As 
to the nutritive .substances in organic detritus we have practically no 
data. The nearest approximation to an analysis of such detritus from 
the nutritive standpoint, that I know of, is the analysis of reed, ‘‘muck,” 
peat, well decomposed, given by Dachnowski (1924) as follows: — ^awSh, 
16.65, crude protein, 17.69, crude fibre, 9.05, nitrogen-free extract, 45.20 
and fat, 0.44%. 

It was evidently necessary for the carrying out of these experiments 
to prepare organic detritus free from algal cells, and this proved to be 
more of a problem than was anticipated. Detritus was secured from the 
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bottom of a marshy pool, but it was, of course, rich in algal cells, chiefly 
palmella forms. The first method which was tried to obtain algal-free 
detritus was to stir up the detritus thoroughly in a little water, filter 
the mixture, allow the filtrate to stand, and collect the sediment with a 
pipette. When filtration was through varying thicknesses of absorbent 
cotton, algal cells passed through; when it was through filter-paper, of 
varying degrees of retentivity, only bacteria passed through; and when 
it was done under pressure through filter-pajxir in a Buchner funnel or 
through asbestos wool in a Gootch crucible, only bacteria and very 
minute protozoans {Plcuromonas jaculans) passed through. Conse- 
quently, after having exhausted the possibilities in the way of filtration, 
this method was abandoned. 

The next method tried was heating the detritus to 60® C. When 
material thus treated was examined the algal cells seemed to be flaccid 
and apparently dead, but when kept for forty-eight hours and again 
examined there was a considerable growth of fresh algal cells. The 
detritus was next heated to 80® C, with substantially the same result. 

The next method used was boiling the detritus for three minutes. 
The objection to this method is, obviously, that such a high temperature 
almost certainly causes a change in some of the organic compounds 
present so that one would not be justified in arguing from effects ob- 
tained by detritus thus prepared as to the role of natural detritus, and 
it was for this reason that lower temperatures were first tried. The 
effect of boiling was that the algal cells appeared to be dead and no fresh 
cells developed by the end of five days. A further objection to this 
method was that this mass of dead organic matter provides a most ex- 
cellent culture-medium for bacteria, which multiplied in it enormously, 
and that to keep it in sterile condition meant the application of more 
heat. 

Another method which was tried was spreading out the detritus 
in a very thin layer in a large glass dish and exposing to the sun until 
thoroughly dry. This method, which was tried without much hope 
of success because of the well-known ability of many algae, and es- 
pecially algal spores, to withstand desiccation, gave results which were, 
contrary to expectations, fully as good as boiling. After moistening 
a sample of this dried detritus, and leaving it f<»r five days, no living 
algal cells were visible. This method had the double advantage, over 
boiling, of avoiding the use of heat and allowing the material to be kept 
without the development of bacteria. 

In most of the experiments both boiled and dried detritus were 
used, and the water used in all of these experiments was water from 
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Bocabec Lake or Tail's Pond which had been boiled, filtered, and 
aerated. Another difficulty however arose, one which necessitated the 
“scrapping” of some of the earlier experiments. This was that, after 
a lapse of from five to nine days, algal cells made their appearance 
among the detritus. This growth of algae was undoubtedly due to the 
multiplication of cells which were either attached to the animals when 
they were transferred to the experimental vials, or were extruded intact 
from their alimentary tracts. They were not introduced in water with 
the animals, as double transfer from filtered water was standard tech- 
nique throughout, nor were they introduced by means of the pipettes, 
as these were kept filled with 25% hydrochloric acid when not in use. 
There is, of course, a possibility that some of this algal growth may 
have been due to the development of spores, but this seems unlikely 
for two reasons — firstly, most of the algae were palmella forms, which 
I have never seen to produce resistent spores, and secondly, no such 
growth took place in boiled detritus, or in moistened dried detritus, which 
was kept for ten days. In later experiments this difficulty was overcome 
by transferring the animals to vials containing fresh detritus every 
five days. 

Before giving the results of these experiments there is a very 
interesting observation which should be mentioned. In some of the 
preliminary work with various kinds of prepared detritus I had three 
specimens of Simoccphalus scrrulaius which had been left in filtered 
water until their intestinal contents were brownish-yellow and then 
placed in a sample of previously heated detritus in which algal cells 
were so rare that at most two cells could be found in the field of a 
16 mm. objective — which meant, roughly, that algal cells did not make 
up more than 1/10,000 of the material. When I examined the animals 
after they had been in the vial containing this detritus for forty-eight 
hours I found that their intestinal tracts were filled with fresh, bright- 
green, algal cells, and a re-examination of samples of the detritus showed 
that algal cells were as scarce as they had been in the beginning. The 
ability of the animals to gather so many algal cells when the latter 
were present in such extremely small numbers seemed almost unbe- 
lievable, but a repetition of the experiment gave a similar result, and 
this observation furnishes a very striking example of the selection of 
food by this cladoceran. 

Experiments on Detritus and Algae as Food for Scapholeberis 

Mucronata 

Experiment FI. Three Scapholeberis mucronata in Bocabec water plus 

Chlamydontonas communis. Set up July 14. 
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July 15. — 3. 

„ 16. -2. 

,, 17-20.-2. 

„ 21. — 2 and 4 jv. 

„ 22. — 2 and 6 jv. 

„ 23. — 2 and numerous jv. 

„ 24-31. — 2 and numerous jv. 
Aug. 18. — five individuals. 


Exp. F2. Duplicate of FI. 
July 15-17.— 3. 

„ 18. — 3 and 5 jv. 

19 

M * tt IJ »l »» 

„ 20. — 3 and 9 jv. 

„ 21. — 3 and 10 jv. 

it 23-25. „ „ ,, ,, 

„ 26. — 3 and numerous 

27-31 

it it it a 

Aug. 18. — 9 individuals. 


jv. 


Three S. mucronata in Eocabec water plus palmclla algae. 

— 3 and 1 jv. 

— 2 and 1 jv. 

II it if 
"“^ii II II II 
— 1 . 

— Dead. A very heavy growth of algae. 

Duplicate of F3. 

July 15-17.— 3 and 1 jv. 

„ 18. — 3 and 3 jv. 

„ 19. — 3 and 2 jv. 

„ 20. — 1 and 1 jv. 

„ 21. — Dead. A very heavy growth of algae. 

Note is made of the very heavy growth of algae which was present 
at the time these experimental animals died, because I have noticed in 
many cases that when a very abundant growth of algae has been present 
in a limited amount of water casualties have been heavy. No adequate 
explanation suggests itself. 

Exp. F5. Three S. mucronata in pool water plus Chlamydomonas com- 
munis. 

July 15-19 . — 2 and 1 jv. 

.. 20 . — 2 . 


Exp. F3. 
July 15. 
16. 

» 17. 
18. 

.. 19. 

.. 20 . 

Exp. F4. 
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July 21-23.— 2. 

„ 24. — 2 and 2 jv. 

„ 25-30. — 2 and 7 jv. 

Aug. 18. — 3 individuals. 

Exp. F6. Duplicate of FS. 

July 15-17.— 3. 

„ 18-20. — 3 and 3 jv. 

„ 21. — 3 and 6 jv. 

„ 22-23. — 3 and numerous jv. 

„ 24. — 1 and 3 jv. 

„ 25-31.-2. 

Aug. 18. — 2. 

Exp. F7. Three S. mucromta in Bocabec water plus cooked detritus. 
July 15-16.-2. 

„ 17. -1. 

„ 18. — Dead. 

Exp. F8. Duplicate of F7. 

July 15-16. — 2 and 4 jv. 

„ 17. — 1 and 1 jv. 

18. -1. 

„ 19. — Dead. 

Exp. F9. Three S. mucromta in Bocabec water plus cooked detritus. 
July 15-18. — 3 and 1 jv. 

„ 19. — 3 and 3 jv. 

„ 20. — 3 and 2 jv. Growth of algae. 

, 21-25. — 2 and 2 jv. 

.. 26. -3. 

„ 27. — 3. Heavy growth of algae. 

Exp. FIO. Duplicate of F9. 

July 15-19. — 3 and 2 jv. 

„ 20. — „ „ „ „ . Volvox, desmids and palmella algae present. 

.. 21 , .. „ .. 

22. -3. 

„ 23. — 2. Much Volvox and heavy growth of other algae. 

Experiments HI, 2, 3, 4, 5, and H6 with Ceriodaphnia reticulata 
were rendered entirely inconclusive by the fact that algae developed in 
the boiled detritus on the fourth day, and all the animals had green 
algal cells in their alimentary tracts. Owing to a scarcity of animals 
of this species the experiment could not be re-set. 
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Experiments on Alona costata 

Exp. Kl. Three Alona costata in Boccbec water plus Chlamydomonas 
communis, 

July 26.-Aug. 9. — 3. 

Aug. 10. — Dead. 

Exp. K2. Duplicate of Kl. 

July 26.-Aug. 5. — 3. 

Aug. 6. — Dead. 

Exp. K3. Three A, costata in Bocabec water plus palmella algae. 

July 26.-Aug. 3. — 3. 

Aug. 4. — Dead. 

Exp. K4. Duplicate of K3. 

July 26.-Aug. 2. — 3. 

Aug. 3. — Dead. 

Exp. K5. Three A. costata in Bocabec water plus boiled detritus. 

July 27. — Dead. 

Exp. K6. Duplicate of KS. 

July 27. — Dead. 

Exp. K7. Three A, costata in Bocabec water plus dried detritus. 
July 27. —Dead. 

Exp. K8. Duplicate of K7. 

July 27. —3. 

28-31.— 1. 

Aug. 1. — Dead. 

Experiments on Ophryoxus gracilis. 

Exp. LI. Three O. gracilis in pond water plus Haematococcus pluvialis. 


July 30. 

—3. 

.. 31. 

— 3 and 3 jv. 

Aug. 1. 

— 3 and 6 jv. 

2-4 

» >f 

.. 5. 

— 3 and 3 jv. 

.. 6. 

— 3 and 2 jv. 

» 7-8. 

» 9t tf 

„ 9. 

— 1. 

10. 

— Dead. 
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Exp. 

12. 

Duplicate of 11. 


July 

30. 

3. 



31. 

— 2 and 2 jv. 


Aug. 

1. 

-2 jv. 


if 

2-3. 

-1 jv. 


if 

4. 

— Dead. 


Exp. 

U. 

Three 0. gracilis in 

pond water plus palmella algae. 

July 

30. 

—3. 


♦ > 

31. 

—2 and 2 jv. 


Aug. 

1. 

**~»l ti it Si 


it 

2. 

— Dead. 


Exp. 

L4. 

Duplicate of L3. 


July 

30. 

—3. 


a 

31. 

—2. 


Aug. 

1. 

—2. 


ti 

2. 

—1. 



3. 

—Dead. 


Exp. 

L5. 

Three 0. gracilis in 

pond water plus dried detritus. 

July 

30-31 

..—3. 


Aug. 

1. 

— Adults dead, 3 jv. 


>1 

2-3. 

-2 jv. 


it 

4. 

— Dead. 


Exp. 

L6. 

Duplicate of L5. 


July 

30. 

—3. 


it 

31. 

— 1. 


Aug. 

1. 

—Dead. 


Exp. 

L7. 

Three 0. gracilis in 

pond water plus boiled detritus. 

July 

30. 

—3. 



31. 

— 2 and 3 jv. 


Aug. 

1. 

“^fi ff ti it 


it 

2-3. 

— 2 and 2 jv. 


it 

4. 

—1. 


it 

5. 

— Dead. 


Exp. 

L8. 

Duplicate of L7. 


July 

30. 

—3. 


If 

31. 

— 2 and 6 jv. 


Aug. 

1. 

"~“if If If If 


it 

2-3. 

— 1 and 2 jv. 
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Aug 4-6. — 1 and 1 jv. 

7 . - 1 . 

„ 8. —Dead. 

Experiments Nl, 2, 3, 4, 5, and N6 with Sida crystallina in Bocabec 
water and with Hacmato coccus pliivialis, boiled detritus and dried de- 
tritus, were quite inconclusive, as one set of animals with 11. pluvialis 
lived 11 days, while the other set died on the second day, and the two 
sets with boiled detritus lived for 5 and 7 days, respectively, while 
both sets with dried detritus died on the second day. 


Experiments on the Food of Diaptomus birgei. 

In the experiments with this species two new types of food material 
— soluble starch and casein — were tried, and a variation — two sets being 
supplied with maxinunn palmella algae and two sets with minimum 
palmella algae — was introduced. 

Exp. SI. Four D, hirgei in pond water with minimum palmella algae. 
Aug. 12. —4. 

„ 13-15. ~A. 

„ 16. -1. 

„ 17. — Dead. 

Exp. S2. Nine D. birgei in same a.s above. 

Aug. 12-15.— 9. 

„ 16-30.— 8. 

„ 31-Spt. 10. — 4 Exp. di.scontinued Spt. 10. 

Exp. S3. Five D. birgei in pond water with maximum algae. 

Aug. 12. — 5. 

„ 13. — Dead. 

Exp. S4. Duplicate of S3. 

Aug. 13. — 5. 

„ 13. — Dead. 

Exp. S5. D. birgei in pond water plus dried detritus. 

Aug. 12. — 6. 

„ 13. —4. 

„ 14-30. —3. 

.. 31. -1. 

Spt. 1. — Dead. 
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Exp. S6. Nine D. birgei in same as above. 

Aug. 12. —9. 

„ 13-22. —9. 

„ 23-30. —7. 

„ 31. -6. 

Spt. 1. — Dead. 

Exp. S7. Seven D. birgei in pond water plus boiled detritus. 

Aug. 12. —7. 

„ 13-20. —7. 

„ 21-31. -6. 

Spt. 1. — Dead. 

Exp. S8. Eight D. birgei in same as above. 

Aug. 12-19. —8. 

„ 20-22.— 7. 

23-29.-5. 

30- 31.— 4. 

Spt. 1. —1. 

„ 2. — Dead. 

Elxp. S9. Eight D. birgei in pond water plus soluble starch. 

Aug. 12-15. — 8. 

„ 16-20.— 6. 

„ 21-23. — 5. One animal removed for examination of intestinal 
contents. 

„ 24-29.-4. 

„ 30-Spt. 2. — 3. 

Spt. 3-4 —2. 

„ 5. — Dead. 

Exp. SIO. Duplicate of above. 

Aug. 12-15. — 8. 

„ 16-18.-^. 

„ 19-25.— 5. 

„ 26. — 4. 

„ 27-30.-3. 

31- Spt. 1.— 2. 

Spt. 2. —1. 

„ 3. — Dead. 

Exp. Sll. Nine D. birgei in pond water plus casein (pure). 

Aug. 12-13. —9. 

„ 14. — Dead. Solution putrid. 
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Exp. S12. Duplicate of Sll. Results exactly similar. 

From this set of experiments it would appear as if this species 
can derive its nutriment either from small planctonic algae or from 
fine organic detritus. The lethal effect of the presence of too large a 
quantity of algae is apparent. It would appear as if this species can 
digest soluble starch as a specimen from (S9) was on Aug. 23 washed 
in several changes of distilled water, and placed in a weak iodine solution, 
when a mass in the intestine gave the starch reaction. The decomposition 
of the casein was undoubtedly the cause of the sudden death of the 
animals in Sll and S12, and this indicated that this method of ex- 
perimenting with pure proteins as nutriment for entomostracans is not 
feasible. 


Experiments on the Food of Cyprinotus incongruens, 

Exp. Wl. Three C. incongruens in pond water plus minimum palmella 
algae. 

Aug. 20-Spt. 6. — 3. 

Spt. 7-10. — 2. Exp. discontinued. 

Exp. W2. Duplicate of Wl. 

Aug. 20-Spt. 10. — 3. Exp. discontinued. 

Exp. W3. Three C. incongruens in pond water plus maximum algae. 
Aug. 20-Spt. 10. — 3. Exp. discontinued. Several young. 

Exp. W4. Duplicate of W3. 

Aug. 20-Spt. 10. — 3. Exp. discontinued. 

Exp. W5. Three C. incongruens in pond water plus boiled detritus. 
Aug. 20-25. — 3. 

„ 26-29.— 1. 

„ 30. — Dead. 

Exp. W6. Duplicate of W5. 

Aug. 20-25.— 3. 

„ 26. -2. 

„ 27-29.-1. 

„ 30. — Dead. 

Exp. W7. Three C. incongruens in pond water plus dried detritus. 
Aug. 20-25. — 3. 

„ 26. -2. 

„ 27. -1. 

„ 28. — Dead. 
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Exp. W8. Duplicate of W7. 

Aug. 20-26.— 3. 

„ 27-28. —2. 

„ 29-31.— 1. 

Spt. 1. — Dead. 

The results of this set of experiments arc perfectly clear-cut, and 
they show, moreover, that this species is not affected adversely by the 
presence of a large amount of algae. 

Experiments on the Food of Cypridopsis vidua. 

The results of this set of experiments — Y1-Y6 — with algae, and 
boiled and dried detritus, may be summarized as follows. The last 
animal in one vial with algae died after 15 days, while in the other 
vial with algae two of the animals were alive after 25 days, when the 
experiment was discontinued. The last of the animals in both of the 
vials with boiled detritus died after 9 days, and the last of the animals 
in the vials with dried detritus died after 15 days, and 16 days, re- 
spectively. This would indicate that this species derives nutriment both 
from algae and from detritus, but that the former is the preferable 
food-material. 

Experiments of the Food of Cypria cxculpta. 

The results of these experiments — V1-V4 — may be thus summarized. 
The last animal in one vial with algae died after 18 days, and in the 
other vial with algae 2 of the animals lived to the end ot the experiment 
(25 days). In one of the vials with dried detritus one animal died 
on the second day, another on the fourth day, and the last on the eleventh 
day; in the other vial with dried detritus one animal died on the second 
day, and the remaining two animals on the thirteenth day. Thus it would 
seem that this species derives nourishment from both algae and detritus, 
but thrives better on the former. 

Experiments on the Food of Cyclops fuscus. 

One set of experiments was set up as follows: — 

Bl. One C. fuscus, with egg-sacs, in pond water, plus palmella algae. 
B2. One C. fuscus, with egg-sacs, in one-half pond water and one-half 
M. culture solution, plus algae. 

B3. One C. fuscus, with egg-sacs, in one-half M. solution and one-half 
leaf infusion, plus algae. Experiments set up on July 1. 

The results may be summarized as follows: — 

B2 died on July 6. 
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B3 lived until July 15, by which time the algae had increased enormously. 
B1 had the following history, which is of interest because it gives some 
data on the rate of growth of the young: — 

July 4. — Eggs hatched. 

„ 5-6. — 1 ad. and numerous nauplii. 

„ 7-8. — 1 ad. and 3 metanauplii. 

„ 9. — 1 ad., 2 metanauplii, 1 young in 1st copepod stage. 

„ 10-13. — 3 copepods. Adult dead. 

„ 14. — 3 copepods. 

„ 15. — 3 young in 1st cyclops stage. 

„ 16-23 — 3 young in a cyclops stage. 

„ 24. — 2 adults. Experiment discontinued. 

Experiments D1-D4, with C. fusens in pond water plus algae and 
three kinds of detritus, set up on July 10, resulted as follows: — 

D4, with algae, dead on July 17. 

Dl, with filtration detritus (bacteria and minute protozoans), dead on 
July 19. 

D2, and D3, with boiled and dried detritus, respectively, lived until 
July 20, when the experiment was discontinued on account of 
a growth of algae. 

Experiments G1-G8, set up on July 18, were as follows: — 

Gl, One C. fuscus with egg-sacs, and one without egg-sacs, in 1/3 leaf 
infusion and 2/3 M solution diluted with water, plus palmella 

algae. 

G2. Duplicate of above. 

G3. Two C. fuscus (as above) in Bocabec water plus boiled detritus. 
G4. Duplicate. 

G5, Two C. fuscus (as above) in 1/3 leaf infusion and 2/3 M solution 
diluted with yi water, plus boiled detritus. 

G6. Duplicate. 

G7. Two C. fuscus (as above) in Bocabec water, plus palmella algae. 
G8. Duplicate. 

Results were, briefly, as follows: — 

Gl. Both lived to end of experiment on July 25. 

G2. Both dead on July 20. 

G3. Both lived to end. Growth of algae on July 24. 

G4. Both lived to end. 

G5. Both lived to end. Large number of protozoans on July 21. 

G6. Both lived to end. Large number of protozoans on July 21. 

G7. Dead on July 20. 

G8. Dead on July 23. 
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This experiment was discontinued on July 25, because of the 
protozoans and algae present in the detritus. 

Experiments J1-J6, with Chlamydomonas communis and two kinds 
of detritus, and 01-06, with Haematococcus pluvialis and two kinds 
of detritus, gave results in favour of detritus in both cases. 

Summarizing these experiments with Cyclops fuscus it would ap- 
pear that this species is omnivorous — thus bearing out data from other 
sources — ^and that the presence of large quantities of algae in a limited 
amount of water is inimical to it. 

I 

Experiments on the Food of Simocephalus serrulatus. 

The earlier experiments with this species were quite inconclusive, 
as animals which appeared to be thriving on boiled and dried detritus 
were found to have fresh algal cells in their intestinal tracts. In 
Exp. M1-M6, with Haematococcus pluznalis and two kinds of detritus, 
one set of three with the algae died on the second day, the other set 
on the third day, of those with boiled detritus the last animals died on 
the eighth and the ninth days, respectively, and of those with the 
dried detritus the last animals died on the ninth day and the third 
day, respectively. In experiments T1-T4 with algae and boiled detri- 
tus, the three animals with algae were dead, in one case, on the third 
day, and in the other on the fifth day, while the animals with detritus 
lived until the tenth day in one case, and two of the animals lived until 
the end of the experiment (13 days) in the other case. 

Experiments P1-P6 are given in detail because they bring out 
some interesting points in regard to the culture of this species. 
Experiment PI. Three S. serrulatus \n a oz. vial with pond water 

and palmella algae. 

Aug. 5-7. — 3. 

„ 8 . - 1 . 

„ 9. — Dead. 


Experiment P2. Three 5. serrulatus in a 4 oz. bottle with pond water 
and palmella algae. 

Aug. 5-14.— 3. 

„ 15. — 3 adults and 5 jv. 

„ 30. —21. 

Spt. 12, — 40. 

„ 30. —100 (+—), 

Oct. 15. —160 (+ — ). 
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Nov. 1. —180 (H ). 

Feb. 20. — 60 (H ). Nearly all ephippial. 

Mar. 1. — 25. (Two adults transferred to P2A). 

Mar. 8. — Dead. 

Of the adults transferred to leaf infusion and J/S pure pond water, 
with addition of palmella algae, on March 1, one had 3 and the other 
7 eggs. They were subsequently re-transferred after the production 
of each brood, and gave broods as follows — No. 1 : 3 jv. on March 8, 
6 jv. on March 14, 4 jv. on Mar. 22, 4 on Mar. 28, dead on Ap. 1. 
No. 2: 7 jv. on Mar. 12, 7 jv. on Mar. 19, 3 jv. on Mar. 27, dead on 
Ap. 2. 

Experiment P3. Three S, serrulatus in a oz. vial with pond water 
and boiled detritus. 

Aug. 5-7. — 3. 

„ 9. -2. 

„ 10 - 11 . _ 1 . 

„ 12. — Dead. 

Experiment P4. Three S. serrulatus in a 4-oz. bottle with pond water 
and boiled detritus. 

Aug. 5. — 3. 

„ 5-8. -2. 

„ 9. — Dead. 

Experiment P5. Three .S', serrulatus in a oz. vial with pond water 
and dried detritus, 

Aug. 5. — 3. 

„ 6 . - 2 . 

„ 7. — Dead. 

Experiment P6. Three S. serrulatus in a 4-oz. bottle with pond water 
and dried detritus. 

Aug. 5. — 3. 

„ 6 . - 2 . 

„ 7-11. -1. 

„ 12. — Dead. 

The interest of this set of experiments lies, of course, in P2. I 
am not inclined to think that the fact that there was a larger volume 
of water in P2 than in PI was the decisive factor, as subsequent ex- 
periments did not warrant such a conclusion, though it is possible 
that it may have had something to do with the matter. I am inclined 
to believe, rather that I had here chanced to get three animals of higher 
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^‘viability/’ of a more resistent strain, than most individuals of this 
species. This idea of resistent strains, which may apply to all en- 
tomostracans, is certainly indicated by a very large number of my 
experiments with Simocephalus serrulatus. This species is, as I know 
to my cost, decidedly freaky** under experimental conditions, and I 
think that this “freakiness** is very largely explained by the viability 
or non-viability of different strains. The second point of interest 
is the way in which this culture kept increasing, by parthenogt netic 
reproduction and with the appearance of very few ephippia, until the 
bottle was crowded, when the animals were nearly all ephippial and 
the culture died out rapidly. This bears out, most excellently, the con- 
clusions of Grosvenor and Smith (op. cit.) and several observations 
of my own on other cultures. The resumption of rapid parthenogen- 
etic reproduction by the two individuals transferred to fresh culture 
medium when the old culture was dying out, is quite conclusive evidence 
that the nature of the reproduction in this species is not a cyclic phen- 
omenon but is directly dependent on external factors. 

The Culture of Entomostraca 

Naturally the matter of culture has entered, more or less, into 
some phases of the subjects which have been dealt with in the fore- 
going sections of this paper, as the work presented in the previous 
sections was undertaken to secure data which would lay a foundation 
for a system of producing entomostracans in quantity. In the present 
section the matter of mass cultures of entomostracans, first in the 
laboratory, and later under field conditions, will be dealt with. 

From the investigations on food-relations which have been pre- 
sented it is evident that planctonic Chlorophyceae are the chief source 
of nutrition for a considerable number of entomostracans. It is there- 
fore plain that the first step in the production of mass cultures of 
these entomostracans is the culture of these algae in any desired 
quantity. 

The Culture of Algae as Food for Entomostraca 

As is well known to algologists, solutions of nutrient salts promote 
the growth of algae, and several such solutions have been originated 
and used by various workers. Of these I selected those of Molisch, 
Moore and Knop. The formulae of these solutions are as follows: — 
Molisch Solution: — 

Water, distilled 1,000 cc. 
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KNOj 0.8 grms. 

KHjPO^ 0.4 „ 

MgSO, 0.4 „ 

FcSO^ (1% sol.) 10 minims. 

Moore's Solution: — 

Water, distilled 1,000 cc. 

NH^NOj 0.5 grms. 

KH,PO, 0.2 .. 

MgSO, 0,2 .. 

CaCl, 0.1 „ 

FeS 04 ( 1 % sol.) 10 minims. 

Knop’s Solution: — 

Water, distilled 1,000 cc. 

KNOa 0.5 grms. 

KH 2 PO 4 0.5 ., 

MgSO^ 0.5 „ 

Ca(NOa)2 2. ,. 

^> 504 ( 1 % sol.) 10 minims. 

Comparative tests of these solutions showed that Moore's solution 
gave the best results, but that growth w^as relatively slow in all cases. 
I had noticed in the course of my ecological field work that the best 
growth of plancton algae occurred in pools in which there were con- 
siderable quantities of dead leaves, and this suggested that some or- 
ganic substance dissolved out of these leaves might be favourable to 
the development of these algae. I consequently obtained a quantity 
of dead leaves of Acer pcnnsylvanicmn, placed 25 grammes in 500 cc. 
of distilled water, heated to 60® C, let stand for 24 hours with frequent 
squeezing strained through cheese-cloth, and filtered. This procedure 
gave a clear light brown fluid, with a *‘leafy" odour. The work of 
Arteri (1901) and Kndrrich (op. cit.) indicated that peptone gave 
an acceleration of growth in the case of some species of Chlorophyceae, 
so that I made up a 1% solution of Peptonum siccuni to use, together 
with the leaf infusion, in a series of comparative tests. This series 
was set up, in duplicate, as follow's: — Ecjual quantities (equality being 
attained in this matter by producing a homogeneous suspension and using 
one drop of this suspension, delivered from the same pipette) of mixed 
algae from Habitat A were placed in test-tubes containing the follow- 
ing solutions: — 

1. Molisch solution. 

2. Molisch ^ plus Peptone >4. 

3. Molisch plus Leaf-infusion 
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4. Moore’s solution. 

5. Moore’s ^ plus peptone 

6. Moore’s 34 plus leaf-infusion J4. 

7. Knop’s solution. 

8. Knop’s >4 plus leaf-infusion 54. 

9. Knop’s 34 plus leaf-infusion 34 plus 0.5% FeClg. 

10. Knop’s 34 plus leaf-infusion 54 plus 0.5% NaHCOa. 

11. Tap water. 

These were set up on August 10, and it was apparent by August 14 
that there was a great difference in the efficiency of the different solu- 
tions. Critical examination on August 20 showed: — 

1. No growth. 

2. Fair growth, great development of bacteria and moulds. 

3. Good growth, practically free from bacteria and moulds. 

4. No growth. 

5. Fair growth, immense development of bacteria and moulds. 

6. Good growth, few bacteria and moulds. 

7. Fair growth, few bacteria and moulds. 

8. Good growth, few bacteria and moulds. 

9. Good growth, few bacteria and moulds. 

10. Poor growth, algae brown, large numbers of bacteria. 

11. Decrease, 

Examination of September 4 showed : — 

1. Poor growth. 

2. Poor growth, immense numbers of bacteria and moulds. 

3. Good growth. 

4. Fair growth. 

5. Fair growth, large numbers of bacteria. 

6. Excellent growth (increase estimated at about 60 times) practically 

free from bacteria and moulds. 

7. Poor growth. 

8. Good growth. 

9. Good growth. 

10. A proportion of the algae were green. Many bacteria present. 

11. Decrease. 

Examination of the material showed that No. 6 — Moore’s 54 plus 
leaf-infusion 54 — was most favourable to the increase of the planc- 
tonic Chlorophyceae, as at the end of the experiment the material con- 
sisted almost entirely of Palmella-forms, Scenedesmus bijuga and 
Coelactrum proboscideum, with very few Cyanophyccae or Protozoa. 
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Previous to this series of experiments, which I have mentioned 
first because it is the most complete set, I had run a lot of experiments 
with Molisch solution, Molisch solution plus peptone, and Molisch 
solution plus leaf-infusion. In all cases the addition of peptone gave 
an increase in growth of the algae, but an even greater increase in 
bacteria and moulds, while the addition of the leaf-infusion gave a 
marked increase in algae with the production of few bacteria or moulds. 
Experiments with Moore’s solution, pure, with peptone and with leaf- 
infusion, gave similar results. 

I have frequently mentioned “Palrnella-forms” in speaking of the 
food of entomostracans and also as one of the algae which increase 
very rapidly on culture in a Moore solution plus leaf-infusion medium. 
In a very great many cases where a mixed “stock’’ of algae — such 
for instance as one from Habitat A the species of which are listed 
in the report on this habitat — is used, these Palmella-forms increase 
to such an extent that they finally constitute practically the entire 
mass of algae produced by cultivation. This is true also for culture 
with Molisch solution pure, Molisch solution plus leaf-infusion, and 
Moore’s solution pure. The fact that these “Palmella-forms” are so 
eminently suitable for culture, and enter so largely into the food-re- 
lations of the entomostraca, renders it of considerable interest to know 
their systematic status and their life-history, and I have carried on 
extensive investigations in regard to these matters. A full discussion 
of this subject, which is in fact one of the most difficult problems in 
the whole field of algology, and the presentation of the data which 
I have so far accumulated concerning these algae, would be out of 
place in this paper, and must be reserved for separate presentation at 
a later date. A brief discussion of the matter is, however, desirable 
here. 

The algae which I include under the general term “palmella-forms” 
are spherical, or nearly spherical, unicellular or colonial Chlorophyceae 
which are present in greater or less numbers in all collections of fresh- 
water algae. This includes forms which have been described as con- 
stituting the genera Palmella, Chlorococcum, Chlorclla, Gloeocystis 
Planktosphaeria, Chlorobotrys, Botrydiopsis, Chlorosphaera, Protococcus, 
Palmellococcus, Heterococcus, Plcurococcus, Schizochlaniys, Sphaerocys- 
tis, and Tetraspora, and as long as one confines himself merely to the 
examination of these forms as they occur in collections of algae from 
various habitats he can place all the forms as belonging to some species 
or other of one of these genera. But as soon as one resorts to the 
method of pure culture, isolating single cells, or single colonies, of 
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these forms, he begins to doubt the adequacy and the precision of 
the classification of these forms, as fonns which would appear, from 
critical microscopic examination, to belong to the same species, be- 
have quite differently when cultured under exactly similar conditions. 
Some produce only cells which resemble very closely the original cell, 
others produce cells which differ widely from the original form, others 
produce filaments of greater or less length and complexity of branch- 
ing, while still others develop into filamentous forms which are defi- 
nitely recognizable as belonging to some species or other of the genera 
Stigeoclonium or Chaetophora. Moreover, the form and size of the 
'‘palmella-forms*' is influenced to an extraordinary degree by changes 
— such as variation of the pi I concentration, salt concentration, and 
presence of organic compounds — in the culture medium. Furthermore, 
some of these algae, while simple in structure, have very complicated 
life-histories. Most of the literature concerning these algae is purely 
descriptive, but a considerable amount of cultural work has been done 
on them by Artari (1892), Klebs (1896), Livingston (1900), Chodat 
and Adjaroff (1903), Snow (1903), Chodat (1909), and Schramm 
(1917). The result of this cultural work so far has been, to my mind, 
to raise problems rather than to settle them, and it is only by long- 
continued investigations by pure culture methods, and by constant check- 
ing of the data thus obtained against field- factorial data, that the 
taxonomy of these forms can be put in a satisfactory condition. 

The fact that organic material in solution greatly augments the 
growth of planctonic Chlorophyceae is perfectly evident from my ex- 
periments and bears out the results obtained by Artari (1901), Knorrich 
(op. cit.), and Snow (op. cit.). lUit while the fact is plain enough, 
the actual causative factor of this increased metabolism is, as yet, 
entirely obscure. The suggestion that the active growth-augmenting 
agent might be in the nature of a vitamin is a hypothesis which at 
once strikes one as having some degree of probability. Bottomly (1914, 
1914a, 1917, 1920) has claimed that a vitamin-like substance is present 
in extracts of peat, but his contention lias been refuted liy other work- 
ers (v. Mendiola, 1919; Clark and Roller, 1924, Saeger, 1925). In 
the case of rny leaf-infusion I put the matter to the following test. 
Cultures of palmella algae were set up, equal quantities of a homogen- 
eous suspension of cells and equal volumes of solution being used in 
all cases, and to these were added different proportions of leaf-infusion 
as follows : — Yt volume, ^ volume, % volume, 1/16 volume, 10 drops, 
5 drops and 1 drop. If the active agent were a vitamin one would 
expect that, within limits, the growth-rate would be increased as much 
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by the addition of small quantities as by large. As a matter of fact 
the increase of the algae was in direct proportion to the amount of 
leaf-infusion added with the exception that very small quantities gave 
no measurable augmentation of growth, and this, while not absolutely 
conclusive evidence, indicates that the increase in growth is due to 
some organic substance which is assimilated and not to a vitamin. 
As to what the organic compound in question may be, it is, iti the present 
state of our knowledge, dangerous even to hazard a guess. In an 
infusion of dead leaves there are unquestionably very large numbers 
of organic compounds present, such as proteoses, polypeptids, amino- 
acids, hemi-cellulo.ses, pentoses, pentosans, glucosides, pectins and tan- 
nins, and as some of these groups are as yet imperfectly known 
chemically, it is evident that a satisfactory analysis of such a complex 
medium as a leaf-infusion is practically impossible at the present time. 

Laboratory Cultures of Entomostraca 

Having developed a satisfactory method of producing planctonic 
Chlorophyceae in any desired quantity the next step was the raising 
of mass cultures on the algae thus produced. Experiments on this 
matter were carried out in four w^ays: — 

1. The culture medium was added to a collection of material contain- 
ing both algae and entomostracans, by substituting the culture 
medium, as far as feasible, for the water from the habitat. 

2 By taking some of the mixed ‘‘stock'' of algae and placing a little 
of this, together with a few entomostracans of a given species, 
in a culture vessel. 

3. By raising quantities of palmclla in culture solution, and placing 
a little of this, together with selected entomostracans, in a culture 
vessel. 

4. By keeping entomostracans in filtered tap water, and feeding every 
day with palmella grown in culture solution. 

Results obtained by method No. 1 : — 

A. On June 15 about a hundred specimens of Cyprinotus incon- 
gruens were brought, together with water from the pool, from Habitat 
N. Twigs, with a very thin coating of algae, from the same pool were 
placed in the vessel. The animals remained in practically undiminished 
numbers until July 1, when bacteria began to appear in large quanti- 
ties. No noticeable growth of algae had occurred. By July 16 only 
three individuals of Cyprinotus were left. On that date Molisch solution 
plus leaf-infusion was added. By July 24 there was a noticeable growth 
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of algae and a marked decrease in bacteria. By July 26 there was 
an immense increase in algae, chiefly palmella algae and Scenedesmus 
W;ugfa, and there were 27 young Cyprinotus, By August 12 there were very 
large numbers (some ISO) young Cyprinotus, and the algal growth was 
still increasing. On Aug. 19 the growth of algae on the sides of the 
vessel was decreasing, and the vivid green, which indicates rapid 
growth of these forms, was less marked. On Aug. 20 the algae were 
assuming a decidedly yellowish tinge, and the pH of the culture was 
now 6.8 (that of the original solution was pH 5.8). Half the solution 
was poured off and more Molisch plus lea f-in fusion added. By Aug. 
25 there was a noticeable renewal of algal growth. By September 7 
the water was green with palmella and very small forms of Scenedesmus 
and there were 60 Cyprinotus of adult size and 237 young. 

B. On June 17 twenty-one specimens of Cyclocypris castanea were 
brought from a small grassy pond. These were reduced to two (by 
the taking of specimens for dissection) by June 22. Molisch solution 
plus leaf-infusion was added to the vessel containing these two individ- 
uals. By June 28 marked growth of Scenedesmus was evident. By 
July 20 there were 22 Cyclocypris. By Aug. 3 there were 110 and 
20 were taken out for dissection. By September 7 there were 180 
(estimated) and by September 13 there were 323 (by actual count). 

C. On July 26 Molisch solution plus leaf-infusion was added to 
material from Habitat D, in which Scapholeberis mucronata and Cerio- 
daphnia quadrangula were present. By Aug. 10 there was a great 
increase (approximately 40 times) in algae, chiefly palmella and 
Scenedesmus bijuga, and a marked increase in the entomostracans. By 
Aug. 17 there were hundreds of .S', mucronata and over a hundred 
C. quadrangula, the increase in the latter being estimated at about 
60 times. By Aug. 22 there was a further increase in algae, and in 
5. mucronata. C. quadrangula was forming ephippial eggs and dying 
out. By Aug. 25 S. mucronata was forming ephippial eggs and dying out. 

D. On Aug. 1 material from Habitat G, with Cyclops fuscus, 
was brought in. No increase in algae and very few nauplii of Cyclops 
by Aug. 20. Added Moore’s solution plus leaf-infusion. By Septem- 
ber 1 there was a marked increase in algae, chiefly Scenedesmus quad- 
ricauda and Rhaphidium falcatum, and increase in nauplii. By Septem- 
ber 12 there were very numerous nauplii and metanauplii of Cyclops 
and a large number of females carrying egg-sacs. 

Results attained by method No. 2. 

A. On July 7 three adults of Scapholeberis mucronata were 
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placed in Moore's solution plus leaf-infusion with algae from Hab. A. 
The three individuals had respectively 1 well advanced embryo, 2 well- 
advanced embryos and 2 nearly mature embryos. The algae grew well 
and the history of this culture was follows: — 

July 8. 3 adults. 

„ 9. „ „ 3 young. 


,, 10. 

„ „ 5 young. 


,.11. 

If »f i» If 


12. 

3 adults two with embryos, 

5 young. 

13. 

11 If If If 11 

2 young of nearly adult size. 

.. 14. 

11 If If If If 

5 young of nearly adult size. 

,,15. 

8 adults. 


16. 

If i> 


17. 

„ „ numerous young. 


.. 18. 

»» If 11 it 


,,20. 

If 11 If If 


,,21. 

If If If If 


,,22. 

If If If If 

of several broods, some nearly 
adult size. 

,,23. 

Numerous adults, numerous 

young. 

No change until July 28, when experiment was discontinued because 

the culture was becoming crowded. 

and the animals were transferred 

to other cultures. 


B. 

Six adults of Scapholeberis 

mttcronata, one with 4 eggs, the 


others clear (i.e., eggs or embryos) were placed in Moore's solution 
plus leaf-infusion, with algae 1821 on July 18. The algae grew well 
and there was no change in the animals until July 27, when there 
were several young. The subsequent history was ai> follows: — 

July 29. 6 adults, numerous young. 

„ 31. 6 adults, numerous young. 

Aug. 2. 16 young of nearly adult size. 

„ 3. 24 adults, 4 with ephippia, numerous young. 

„ 17. „ „ 9 with ephippia, several shed ephippia, numerous 

young. 

„ 21. Numerous adults, many with ephippia. 

C. Ten Alona costata placed in Moore's solution plus leaf-infusion, 
diluted with 10 times water, with algae from Habitat S, on Aug. 4. 
On Aug. 10 there were 720. 

Results attained by method No. 3: — 

A great many of the cultures mentioned under 'The Environ- 
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mental Factors” come under this head. The following arc examples of 
this method. 

A. Three individuals of Simocephalus serrulatus were placed in 
Moore’s solution plus leaf-infusion with palmella algae from stock cul- 
ture. The specimens of S. serrulatus had respectively 6 well-advanced 
embryos, 2 well-advanced embryos and 1 well-advanced embryo. The 
algae grew well, and the history of this culture was: — 


4. 

5. 

Set up. 

1 adult dead. 

Brood of 6 young. 

6. 

1 

adult with 5 

eggs. Several young. 

7. 

1 

adult 

with 5 

eggs 

8. 

1 


tt ti 

„ 1 with 4 eggs. Several young. 

9. 



tt tt 

embryos, 1 with 4 eggs. Several young. 

10. 

St 

«» 

it it 

„ 1 with 4 eggs. Several young. 

11. 

ti 


tt tt 

„ 1 with 4 embryos. Several young. 

12. 

St 


4 

„ 1 clear, numerous young. 


„ 13. Young of adult size. 

„ 15. Numerous adults and numerous young. 

B. Three young Simocephalus serrulatus placed in Moore’s solution 
plus leaf-infusion, with algae from stock culture on July 21. Good 
growth of algae, but no change in animals until July 29. 

July 29. 1 with 3 eggs, 1 with 1 egg, 1 clear. 

Aug. 1. 1 with 3 embryos, 1 with 2 eggs, 1 with ephippium. 

„ 7. 1 with ephippium dead, 1 with 5 embryos, 1 with 4 eggs. 

„ 11. 2 clear. Several young. 

„ 12. 1 with 5 eggs, 1 with 6 eggs. Several young. 

„ 14. 1 with 5 embryos, 1 with 6 embryos. Several young. 

„ 22. 2 with 6 embryos. Numerous young of various broods. 

„ 29. Young of adult size, and numerous smaller young, 1 adult with 
ephippium. 

C. One Simocephalus serrulatus with 6 embryos (stage 4) placed 
in Moore’s solution plus leaf-infusion with algae from stock culture on 
Aug. 5. 

Aug. 6. Adult clear. 6 young. 

7 

tt • • ff ft ft tf 

„ 11. No change since Aug. 7. 

„ 12. Adult with 17 eggs. 6 young. 

„ 14. Adult with 17 eggs removed to another culture. 6 young. 

„ 18. 2 young, nearly adult size. 

„ 20. 1 with 6 eggs, 1 with 9 eggs. 
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Aug.21. 
„ 24. 
„ 25. 
27. 
29. 
„ 30. 
Sept. 1. 


1 with 6 embryos, 1 with 9 embryos. 

1 with 9 eggs, 1 with 10 eggs. Several young. 

1 with 9 embryos, 1 with 10 embryos. Several young. 

1 adult clear, 1 with 10 embryos. Several young. 

1 with 9 eggs, 1 with 6 eggs. Numerous young. 

1 with 9 embryos, 1 with 6 embryos. Numerous young. 
1 with 4 eggs, 1 clear, numerous young of 3 broods. 


Results attained by method No. 4: — 

A. Three adults of Sida crystallina placed in tap water on July 18 
and fed with palmella from stock culture. They had respectively 5 em- 
bryos, 7 eggs and 9 eggs. On July 20 there were five young. The adults 
lived until the experiment was discontinued on September 6, when there 
were 37 young of various broods. 


R. Three adults of Daphnia pulcx piilicaria placed in tap water 
on July 19, 1923, and fed with palmella from stock culture. By 
September 6 there were two adults and numerous young. 

It is not to be inferred from the foregoing that these methods 
have always proved to be an unqualified success, as there have been 
cases in which cultures which have been treated, as far as known, in 
identically the same manner as successful cultures, have died out. Some- 
times it has been allowable to connect these failures with some possible 
cause, as bacteria in the case of S. scrrulatus, or Chlorangiurn in the 
case of Ceriodaphnia reticulata, but frequently the unsatisfactory verdict 
‘Meath due to causes unknown'^ has been the only statement which 
could be made. 


Culture of Entomostraca Under Field Conditions 

In reviewing the literature on raising entomostracans in the field 
as food for young fish one is struck by the fact that a good deal has 
been written as to the great possibilities of such a procedure but that 
very little has actually been done. As Kendall (1921) says in regard 
to this matter, “To state that a project is feasible is one thing; to 
demonstrate it is another.” 

Raveret-Wattell (1887), in describing the method of raising en- 
tomostracans as food for young trout at the Grenaz establishment in 
France, says, “Daphniae were raised in the very basins which were 
destined for the fish,” and refers to “Daphniae, forming dense clouds 
in the water.” 

Mason (1887), writing of Gremaz, says, ”the process of Mr. 
Lugrin, which has been patented in several countries, consists in spread- 
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ing upon the bottom of the tanks a material impregnated with the 
elements necessary to produce spontaneously a limitless number of 
Daphnia, Cyclops and Limnaea, as well as fresh-water shrimps." He 
gives no information as to the nature of this wonderful patented spon- 
taneous generator of the desired forms of life. 

Seal (1892) suggested methods of raising entomostracans and other 
small crustaceans but presented no actual data. 

Kochs (1892) made use of cow manure, which gave rise to bac- 
teria and infusoria on which he claimed Daphnia, Cyclops and Cypris 
thrived. 

Page (1894) deals with this subject and gives, in an appendix, 
a report by Chabot-Karlen on the raising of entomostracans by Durand 
at the School of Agriculture at Beaume, the method used being the 
placing of Potantogeton and Nasturtium officinale in holes dug in clayey 
land, when Conferva and Vaucheria developed and partially decayed 
and in this mixture of partially decayed plants Cyclops was said to be- 
come abundant. 

Raveret-Wattell (1898) described a method of raising entomos- 
tracans in use at Rouen, France, this method being the filling of a 
basket, weighted with rocks, with horse manure, sinking it in a cask, 
and introducing some Daphnia, which multiplied rapidly. 

Knorrich (1900), after a review of the production of zooplancton 
by the use of manure, says, "Alle diese beobachteten Erscheinungen 
lassen den Schluss zu, dass die Gegenwart organischer Stoflfe fiir die 
Entstehung einer Mikroorganisrncnvvelt aiisserordenllich giinstig ist, und 
diese Thatsache wird in vielen Fallen fiir die praktischen Massnahmen 
auch ohne weitcres geniigen," 

Kendall (1921) gives a review of the literature on the production 
of small crustaceans as fish- food. He says, "There can be no doubt 
that these crustaceans would aflford a most valuable food supply for 
young fishes if their culture should prove practicable on a scale to 
meet the demand" — ^and — "If a system of crustacean culture can be 
devised which will meet the demand of the fish-culturist and the fish- 
farmer, it will be a boon of inestimable importance. This paper does 
not pretend to devise such a system.” 

My experiments on the field culture of entomostracans were begun 
in 1922. I had six cement tanks constructed, with walls and bottom 
four inches thick, the interior dimensions being 2 ft. by 2 ft. by 1 ft. 
deep, and fitted with taps. Four of these were placed in the open and 
two in the woods. After a thorough washing three of the tanks were 
filled to within three inches of the top with Moore’s solution plus leaf- 
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infusion diluted with twice the volume of tap water (from Chamcook 
Lake, a body of water in a granitic region), and a culture of palmella 
algae was placed in each tank. Instead of increasing, the algae died 
out, and the explanation of this came when the pll of the liquid in 
the tanks was found to be over 10. Evidently the calcium of the fresh 
cement was going into solution rapidly, and a rough quantitative 
analysis for calcium showed that about two and a half times as much 
of this element was present in the liquid in the tanks as had been present 
in the solution which had been added. Treatment of the walls and 
bottom of a tank with H 2 SO 4 resulted in no improvement. Lining a 
tank with puddled clay, and allowing it to stiffen before adding water 
was a failure, as the clay fell off the sides of the tank as soon as it be- 
came wet. Three of the tanks were then coated inside with hot paraffin, 
and algal cultures started in them were moderately successful, though 
the pH still ranged from 8.8 to 9.6. Simoccphalus serrulatus, Scapho- 
leberis mucronata, Ccriodaphnia reticulata, Chydoms sphaericus, 
Cyclops fuscus and C. serrulatus introduced into these tanks died out 
promptly and they did the same in water from the tanks in glass ves- 
sels. The paraffin coating on the inside of the tanks was heavy and 
there is no reason to believe that any calcium could possibly come through 
it, but the rise in Hydrogen ion concentration was undoubtedly due 
to the fact that it was impossible to keep a thick coating of paraffin on 
the rims of the tanks and on the walls above the water line, as the 
heat of the sun melted the paraffin and it ran off, so that rain carried 
calcium into the tanks. Here operations for this season ceased and it 
was thought that the weathering of the cement from September until 
the following June would remedy the trouble. 

In June, 1923, the tanks were filled with water, and after allow- 
ing twenty-four hours to elapse a reading of the pll was made. This, 
much to our disappointment, ranged from 9.4 to 10. The tanks were 
all paraffined, those which had previously been treated being scraped 
to remove the scaly paraffin which still adhered in places, and filled 
with the culture solution mentioned above. The algal cultures started 
in the tanks grew rapidly and there was an enonnous production of 
palmella. The pH of the liquid in the tanks naturally varied with the 
amount of photosynthesis, but it was never lower than 8.4 and all the 
entomostracans introduced into the tanks died out. A more acid culture 
solution was tried, but the results were the same, and these operations 
were abandoned at the end of the season with the knowledge, most 
arduously gained, that new cement, even after weathering for a winter, 
is a failure for cntomostracan culture. 
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In June, 1924, the tanks were again tested, as it was thought that 
possibly the cement would have weathered sufficiently by this time, 
but the pH was still high, and, while the algae did well in them, the 
entomostracans died out as promptly as ever. 

These continued attempts to make use of cement tanks were due 
to the fact that this material is unquestionably the most suitable, both 
from the standpoint of construction and permanence, for receptacles 
for the field culture of entomostracans, and the result of these experi- 
ments, though disappointing in the extreme, are of value in that they 
clearly show that cement cannot be used for this purpose. 

While the tests of the tanks were being made in 1924 other recep- 
tacles for the field cultures of entomostracans were prepared. These 
were of three kinds: — 

1. Wooden boxes, paraffined on the inside, 2 ft. by 2 ft. by 1 ft. deep. 

2. A hole, three feet deep and two feet across, dug in gravelly soil, 
lined with puddled clay, and coated with fine washed gravel. 

3. A series of holes dug in a clay subsoil and lined with fine washed 
gravel. 

The paraffined boxes at first seemed to be .satisfactory. Algae grew 
well in them, and Cyprinotus incongruens and Alarm costata increased 
to a marked extent. Cyclops fuscus died out in a box, from what 
cause it is difficult to say. Later the boxes gave rise to trouble 
due to the melting of the paraffin by the sun and its running out 
of the upper parts of the seams, so that the water-tight part of the 
boxes became progressively less. 

The hole in the gravelly soil was lined with puddled clay and filled 
with water on June 16. Next day the bottom, and the sides as far 
as possible, were coated with fine washed gravel. On July 19 
twenty-five Cyprinotus incongruens were placed in it and a supply 
of palmella. On July 29 there were numerous young. By July 1 
the water had evaporated to one-third its original bulk and was 
replenished by means of a bucket and a syphon. It was found 
that the incoming water, even when thus relatively slowly intro- 
duced, stirred up the clay so that the water became extremely 
turbid. A sponge was fastened to the end of the syphon when 
more water was added on July 3, and this prevented the turbidity. 
Water had to be added to this pool every three to six days, depend- 
ing on the weather conditions. By July 12 there were very large 
numbers of Cyprinotus present. On July 16 the pool was found 



Ecology of Entomostraca 


87 


completely dry, and the evidence furnished by a round hole in the 
bottom indicated that someone had pushed a stick through the clay 
lining. 

Of the pools made in a clay subsoil three were at the edge of an 
open marshy place in the woods where they received full sunlight 
from 9 o'clock until 6 o'clock in July, and two were in a boggy 
spot in the spruce woods where they were densely shaded. The 
amount of light received by the latter pools was 2% of that received 
by the former when the sun was shining and 10% of that received 
by the former pools on a cloudy day. All the holes were filled 
with water (pH. 6.4) from a deep hole, in the centre of the open 
marshy place, which had been dug some years ago and kept tightly 
covered. This water contained no entomostracans and had no 
growth of algae. In all cases palmella algae, which had been grown 
in Moore's solution plus leaf-infusion in one of the paraffined 
cement tanks, was placed in the pools. In the case of the pools 
in the open no subsequent addition of algae was necessary, but in 
the case of the densely shaded pools the supply of algae had to be 
replenished at intervals. 

Pool No. 1, in the open, dug on July 9, was stocked with 25 
Cyprinotiis incongruens on July 12. They did extremely well and by 
July 20 there were many young. By Aug. 15 Cyprinotus, adults and 
young of various sizes, were very abundant. It was obviously impos- 
sible to make an actual count, or even a close estimate, of the numbers 
under field conditions, but a rough conservative estimate places the 
number at 500 on Aug. 20. 

It is worthy of special note that the period fjom the beginning 
of July until the middle August was unusually dry, so dry, in fact 
that all the pools, including .several spring pools, within a radius of 
several miles had dried up. This condition was very clearly proven by 
the fact that on Aug. 6 a trip of forty-five miles was made by motor 
car with the object of securing entomostracans for experimental pur- 
poses, and every place where pools were known usually to exist, or 
which looked to be a likely site of a pool, was examined, but every 
site of a pool was entirely dry. Consequently not a single pool-inhabit* 
ing entomostracan could be found throughout this whole stretch of 
country and the only individuals of these species which were living 
at this time were those in the pools which we had dug and had kept 
filled with water, and those which were in our laboratory cultures. 
The significance of this fact lies in the bearing it has upon the views 
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expressed by some writers, as Seal (op. cit.) and Muntadas (1887), 
that the raising of entomostracans is unnecessary as a plentiful natural 
supply is always available for fish-feeding operations. 

On Aug. 23 came a torrential rain of over twenty-four hours 
duration. We had no accurate rain-gauge data, but some of my cement 
pools, into which there was no ‘‘run-in** except a very limited amount 
from the flat rim, showed a rise of water-level of six inches. The 
result, naturally, was that all my dug pools were completely overflowed. 
The site of the three in the open place was now a “lake** of many 
yards in extent, and the site of the two in the woods was another 
smaller sheet of water. After the water had subsided an examination 
of the brim-full pools showed that the numbers of entomostracans in 
the pools had greatly diminished, and that the majority had evidently 
been washed out and scattered over the whole marshy area. The in- 
habitants of the three pools had, naturally, become mixed up, and 
Cyprinotus, which was formerly present only in one pool was now 
present in all three. This species was, however, still present in larger 
numbers in its original pool than in either of the others, and continued 
to increase, with the result that by September 10 there were consid- 
erable numbers present in this pool. 

Pool No. 2, in the open place which was dug on July 12, was stocked 
with 10 Cyclops fuscus, and 25 Scapholeberis mucronata. Some of 
the former .species lived, but showed no increase (though the presence 
of nauplii was, of course, impossible to detect nuder field conditions) 
until the occurrence of the “cloud-burst.** The latter species showed 
some increase but did not become abundant. 

Pool No. 3, in the open, which was dug on July 12, was stocked 
with 25 Simocephalxis serrulatus. Some continued to live, but their 
rate of reproduction was low, and there was no marked increase in 
numbers up to the time of the wash-out. 

Pool No. 4, in the woods, which was dug on July 9, was stocked 
with 25 Cyprinotus inconyruens, all of which had apparently died out 
by July 20. It was re-stocked with Cyclops fuscus, July 15, and some, 
at least, lived until the flood. 

Pool No. 5, in the woods, which was dug on July 12, was stocked 
with 25 Simocephalus serrulatus and 25 Scapholeberis mucronata. By 
July 25 there was a decided increase in the numbers of both species, 
and they continued to increase until the over-flowing of the pool. 
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SUMMARY 

1. Entomostraca constitute one of the most important foods of a 
large number of fresh-water fishes during their early life, and of 
some species throughout their lives. 

2. It is consequently highly desirable to establish a system of cul- 
turing these minute crustaceans as food for young fish. 

3. Success in culture can only be obtained through a knowledge of 
the life-history, the food-relations, and the environmental require- 
ments of the animals concerned. 

4. The vast mass of literature in Entomostraca deals with their 
systematics, distribution and life-cycle. In regard to their food- 
relations and the influences of environmental factors, the litera- 
ture is entirely contradictory. 

5. Ecological field studies yield data on environmental requirements 
of the various species. Detailed studies of numerous habitats are 
presented. 

6. The life-cycle of Cladocerans is dependent upon environmental 
conditions. The accumulation of excretory products, and increasing 
salt concentration, seem to be the chief factors in bringing about 
the ephippial condition in certain species. 

7. The tolerance in regard to Hydrogen ion concentration varies in 
different species. Those with a wide pH range are also tolerant 
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over a wider range of other factors and hence are more suitable 
for culture than those with a narrow pH range. 

8. Light is an important environmental factor for entomostracans. 
It has previously been considered only from the standpoint of 
phototactic response. The growth-rate of Cyprinotus incongruens 
is faster in full light than in 50% light or in darkness. 

9. A raised temperature — 27-32®C — hastens the rate of parthogenetic 
reproduction, but shortens the length of life, in some cladocerans. 

10. Negative results were obtained from experiments on photoperiodism 
with Scapholeberis mucronata. This factor might, however, be 
effective in the cajse of limnetic species. 

11. The chief enemies of entomostracans are — fish, dragonfly nymphs 
and Hydra. They arc also eaten by Corethra, young larvae of 
Dytiscus, tadpoles of Rana syhmtica, and by the entomostracans 
Leptodora kindtii and Cyclops fusctis. 

12. The chief food of the entomostracans experimented with is 
planctonic Chlorophyceae, though some species can unquestionably 
make use of fine organic detritus. 

13. The best algae to culture as food for entomostracans are *'palmella 
fonns,*' i.e., unicellular, spherical Chlorophyceae of uncertain 
systematic position. The status of these algae is briefly discussed. 

14. The most satisfactory medium for the culture of these algae is 
Moore’s nutrient salt solution and leaf infusion. The role of the 
latter in the metabolism of these forms is considered. 

15. Simocephalus serrulatus and Sida crystallina exhibit a definite 
choice of food. The method of rejection in the former species is 
described in detail. 

16. There is some evidence that in Simocephalus serrulatus there are 
strains which are more “viable” than others. 

17. Some results obtained suggest that certain bacteria may be patho- 
genic for entomostracans. 

18. The epizootic protozoon, Chlorangium, appears to affect Cerio- 
daphnia reticulata injuriously. 

19. Tanks of new cement are a failure for bulk production of entom- 
ostracans, because the calcium continually goes into solution and 
raises the pH above the range of tolerance of these animals. 

20. Wooden tanks, well paraffined, are satisfactory except that the 
paraffin melts off in the hot sun and the upper joints become 
leaky. 
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21. Holes dug in the soil and lined with puddled clay, then with fine 
gravel, are satisfactory as far as living conditions are concerned, 
but they are not likely to prove permanent. 

22. Holes dug in clay soil are entirely satisfactory, provided ample 
side-drainage is provided to prevent tne over-flowing of the pools. 
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THE NEARCTIC SPECIES OF THE GENUS RHAPHIUM 
MEIGEN (DOLICIIOPODIDAE, DIPT.) 

By C. 11. Curran, 

Entomological Branch, Dept, of Agriculture, Ottarva. 

(Continued from Vol. XV, p. 260) 

1. Rliaphimn nigrociliatum new species 
(Figs. 1, 2, 3). 

Length 5 to 5.5 mm. Face velvet-brown, beard brown, front four 
coxae black pilose; femora blackish with black hairs; squamae with 
brown cilia ; genital lamellae divided. A very distinct species on account 
of the above combination of characters. 

Male. Face narrow, deep brown, narrowest in the middle. Front 
opaque brown. Occiput deep green, the ground colour obscured by 
brown pollen ; orbital cilia black, rather fine, extending about to the 
middle of the eyes; lying mostly below the middle are eight to ten long 
hairs on either side which curve forward ; beard brown with more or 
less rusty tinge. Palpi black, with black hairs. Antennae black, the 
third joint about twice as long as wide, tapering to a rounded point; 
penultimate joint of arista swollen, the last section rather fine, still 
slightly tapering, the arista as long as the antennal joints combined. 
(See fig. 2.) 

Mesonotum deep green, shining on the posterior half, the ground 
colour obscured on the anterior half or more by brown pollen, which 
leaves two darker vittae separated by the rather long and abundant 
acrostical bristles. Mesopleura bronzed, the remainder of the pleura 
greenish and greyish pollinose. Scutellum shining green or bronzed 
with one large and from one to four smaller bristles on either side, 
the small ones basal and very variable. Propleura brown pilose. 

Coxae black with grey pollen, the anterior four with rather abundant 
black hair, the posterior ones with whitish hair and no black bristle, the 
middle ones with a strong, the hind ones with a weaker, black thorn. 
Trochanters and femora black, with thin brownish grey pollen, the front 
ones with dense brownish pile behind, which becomes quite long apically 
and with short almost yellowish hair below, but this becomes longer 
and brown on the apical half. Middle femora with fairly long black 
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hair below, which is however paler basally, the femora elsewhere with 
short black hair. Anterior four tibiae black with the apical third reddish 
in certain lights, the posterior ones reddish in certain lights, the dorsal 
surface yellowish, with the basal fourth black, the apical fourth or less 
darkened and sometimes brown; the anterior four bear unusually 
numerous black bristles on their upper surface, the hairs black. Anterior 
four tarsi usually blackish from the tip of the first joint, but they may 
be reddish on the bases of the second and third joints. First joint of 
the front tarsi not twice as wide at apex as at base, the second three- 
fourths as long as the first, but little enlarged at apex, the three apical 
joints sub-equal, the whole tarsus longer than the tibia. First two 
joints of posterior tarsi sub-equal. 

Wings slightly cinereous. Squamae and halteres yellow, the former 
with abundant black cilia. 

Abdomen green, rather thickly greyish pollinose, the incisures, a 
more or less distinct basal triangle which reaches almost to the apex of 
each segment and the last two segments, bronze-brown, although the 
latter are often more or less green in certain lights. Hair black, that 
on the sides and venter fine, white. Genitalia black, with greyish pollen, 
the outer lamellae brown, furcate, with fine brownish yellow fringe; 
the inner lamellae shining brown, very short. For shape see fig. 1. 

Female, Face wide, the upper portion almost square, sometimes 
appearing scarcely longer than wide, but at the antennae usually quite 
as wide as long, the ground colour evidently blackish, but densely covered 
with brownish yellow pollen, which is more brown on the upper part. 
Front bronze-black, rather densely yellowish brown pollinose. Occiput 
blackish green, with brownish grey or grey pollen, the beard brownish 
reddish. Palpi black, in some lights pollinose like the face; elongate 
oval, their hair black. Antennae black, short, the third joint cordately 
triangular, broader than long, scarcely longer than the first. Arista 
about as long as the front and face together, the penultimate section 
thickened and half as long as the width of the third antennal joint. 
(See fig. 3.) 

Mesonotum with the middle line, lateral margins behind the suture, 
and the posterior depression green, the scutellum of the same colour, 
and these parts greyish pollinose; mesonotum elsewhere bronzy, covered 
with moderately abundant brownish grey pollen. Pleura green-black, 
with bronze and green reflections, covered with greyish pollen. Propleura 
yellow pilose. 

Coxae green, grey pollinose, yellow pilose, the apical half of the 
middle ones black-haired, the front ones with black marginal hairs 
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apically. Anterior four trochanters and femora black; posterior femora 
black with the basal third and the apical half of their trochanters reddish. 
Tibiae reddish, their bases blackish, the apical fifth of the hind ones 
brownish at least on the posterior surface ; basitarsi yellowish or reddish, 
except apically, the hind ones darker, the tarsi elsewhere black. Apical 
bristles of the femora more abundant than usual, and there are several 
long black hairs apically on or near the lower edge of each, the tibial 
bristles also more numerous and longer than usual. Tarsi normal. 

Wings decidedly tinged with brownish. Squamae with abundant 
yellow cilia. Abdomen green, greyish pollinose, the incisures bronzed. 

Described from nineteen males and eight females collected by Dr. 
J. M. Aldrich at Tennessee Pass, Colo., 10,240 ft., July 7th to 12th. 

Type, allotype and paratypes — Male and female. Cat. No. 28075, 
U.S.N.M. 

Paratypes — No. 645 in the Canadian National Collection, Ottawa. 

2. Rhaphium nigrum Van Duzec 

“Male. 1-ength 4 nun.; of wing 3.7 nun. Face very narrow, Mark. 
Palpi black. Front opaque black; eyes with brown hairs. Antennae 
black; third joint about as long as the two basal joints taken together; 
arista about e(|ual to the antenna in length. Hairs of the beard mixed 
black and brownish. 

‘‘Thorax black, scarcely at all greenish on the dorsum, which is 
dulled with brown pollen. Abdomen dark green, the apical segments 
almost black. Ilypopygium black; its outer lamellae very broad at base, 
forked, one branch wide, short and blunt, the other long, rather narrow 
and more pointed; they are brownish; inner ai)pcndages yellow, black 
at upper corner, enlarged and truncate at tip, fringed with pale hairs. 
Coxae black with long black hairs; middle pair with a long black thorn 
at tip. Femora black, a little yellowish at the tip, fore femora with long 
black hair on posterior surface; middle femora with long black hair 
below and three slender bristles on posterior side and one on anterior 
side at tip; hind femora with long black hair below, which is a little 
longer towards their tips. Fore tibiae more than half black; middle 
pair yellowish, blackened on basal half above, four anterior tibiae with 
strong bristles ; hind tibiae dark yellow, scarcely darker at tip, but dark 
at base, thickened towards the tip, their bristles stout. Fore tarsi one 
and a fourth times as long as their tibia, black from the tip of the 
first joint, still the base of the second joint a very little yellow, first 
joint as long as second, a very little thickened at tip, second joint 
abruptly narrowed near the base, both these joints with minute blunt 
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black spines below, the three apical joints of nearly equal length. Middle 
tarsi with the two first joints yellow, the second half as long as the 
first (other joints missing). Hind tarsi black, second joint shorter than 
the first and fifth, only slightly shorter than the fourth. Calypters and 
halteres yellow, the fontier with black cilia. 

“Wings dark gray, with black veins; third vein considerably but 
evenly arched; last section of fourth vein only slightly bent near apical 
third, ending slightly back of the apex of the wing; last section of fifth 
vein about twice as long as the cross-vein ; hind margin of wing nearly 
evenly rounded. 

^'Female, A female that 1 think belongs with the male described 
above, although not taken at the same place or in the same year, has 
the wings about as in the male, except that they arc a little darker with 
.slightly hyaline spot around the cross-vein; the bend in the last section 
of the fourth vein is a little nearer its centre, but otherwise about the 

same; it ends just back of the apex of the wing as in the male. The 

face is gray with the suture near its centre ; palpi black with black 
hairs; beard whitish; front, thorax and abdomen green with grey 

pollen; coxae with long white hairs. F'emora black with yellowish tips; 

fore femora with long white hair on the posterior surface; middle and 
hind ones with pale hairs below, the latter with a row of slender black 
bristles, on lower outer edge; middle femora with two bristles on each 
side at tip; fore and middle tibiae yellow, hind ones like those of the 
male, fore and middle tarsi as long as their tibiae, darkened from the 
tip of the first joint, which is as long as the three following taken 
together. 

“Described from one male taken at Katmai, Alaska, in July, 1917; 
and one female taken at Savonoski, Naknek Lake, Alaska, in June, 1919.“ 
(Original description) 

Type in Ohio State University. 

3. Rhaphium borcale Van Duzee 

Male. Length 4-4.5 mm. ; of wing, 3.3-4 mm. Face narrow, black. 
Palpi black. Front green, nearly covered with white pollen. Antennae 
black; third joint scarcely longer than the two basal joints taken 
together; arista about as long as the antennae. Beard black, sometimes 
more brown. Eyes with pale hairs. 

Thorax and abdomen green with whitish pollen, 'the former quite 
shining. Hypopygium black; its outer lamellae long and narrow, 
yellowish brown, plain, as long as the height of the hypopygium and 
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fringed with long pale hairs; the inner appendages very small, black, 
with a hair at tip. 

Coxae black with black hair, the middle pair with a black thorn at 
tip. Femora black; anterior pair with long black hair on their posterior 
surface; middle pair with several black bristles on each side near the 
tip; posterior pair with two preapical bristles. Fore and middle tibiae 
yellow, the former with two, the latter with three rows of long bristles. 
Hind tibiae blackish or yellowish brown with a yellow glabrous line on 
upper surface, and with two rows of rather stout bristles. Fore tarsi 
longer than their tibiae, darkened from the tip of the first joint, which 
is about twice as long as the second and a little enlarged at tip; last 
three joints of about equal length. Middle tarsi black from the tip of 
the first joint, slightly longer than their tibiae; the first joint nearly as 
long as the three following taken together, fourth scarcely longer than 
the fifth. Hind tarsi black, each joint a little longer than the one 
following it. Halleres yellow. Calypters dark yellow with yellowish 
cilia, which appear black in certain lights. 

Wings greyish; third vein considerably but evenly aiched; last 
section of fourth vein bent near its middle, ending in the apex of tiie 
wing; last section of fifth vein scarcely twice as long as the cross- vein ; 
hind margin of the wing rather evenly rounded. 

Female, What seems to be the female of this species has the face 
grey; the .suture below the middle, making the lower part of the face 
small; it is a little pointed at the centre of its lower edge 5 palpi black, 
rather small, their tips yellowish, beard white, scanty ; fore coxae with 
yellow hairs, sometimes with one or more black hairs at tip; femora 
and tibiae yellow; hind femora more or less black at tip or along the 
upper edge; middle and hind femora with preapical bristles; fore tarsi 
scarcely as long as their tibiae, the first joint as long as the remaining 
four taken together; middle tarsi fully as long as their tibiae, first 
joint as long as the three following joints taken together; hind tarsi 
black, first and second joints of nearly equal length. Wings grey; 
slightly brownish in front of second vein; third vein very slightly 
recurved at tip; last section of fifth vein more than twice as long as 
the cross-vein. 

Described from six males and eight females, taken at Savonoski, 
Naknek Lake, Alaska, and in June and July, 1919, and two males taken 
at Katmai, Alaska, in July, 1917, and two males taken by J. M, Aldrich 
at Anchorage, Alaska, July 20, 1921. (Van Duzee, Ohio Jour, of Sci., 
XXIII, 246, 1893) 

Paratypes — Males, Cat. No. 28094, U.S.N.M. 
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4. Rhaphiutn vanduzeei new species 
(Figs. 4, 5). 

Length 5 to 5.5 mm. Face black; beard chiefly black; prothorax 
pale pilose; front coxae black pilose; anterior four femora blackish on 
basal two-thirds, the hind ones yellow except the apical fourth or less; 
genital lamellae branched. 

Male, Face very narrow (eyes narrowly separated), wider above 
and below, brown or black; front bluish or green blue, moderately 
whitish pollinose. Occiput green, thickly greyish white polHnose; the 
black orbital cilia extend almost to the middle of the eyes and much 
below the level of the antennae; beard black, but yellowish around the 
neck. Palpi dull black, the margins sometimes appearing greyish, the 
few hairs black. Antennae black, the third joint tapering, large, as long 
as the front, the arista as long as the face, its basal section over twice 
as long as wide, swollen. (See fig. S) 

Mesonotum green-blue, thinly brownish pollinose on more than the 
anterior half, with broad bare stripe (outside the acrostical bristles) 
which is somewhat darker. Pleura green and black-green, covered with 
greyish pollen. Prothorax whitish pilose. 

Coxae blackish, grey pollinose, their pile black, yellowish on the 
hind pair, the middle ones with a moderately short, rather loose thorn. 
Trochanters brown. Anterior four femora black, their apical third 
reddish; posterior ones yellowish with the apical fourth or fifth brownish, 
the latter colour less extcn.sive below. The anterior femora bear long 
black hair on the posterior surface and a row of similar hairs on the 
apical half of the antero-ventral surface, the preapical bristles not 
distinguishable. The middle femora bear a row of long pale hairs on 
less than the basal half below, some of which are longer than the width 
of the femora and directed somewhat basad ; beyond these are several 
shorter, stronger apically directed hairs, and on the postero-ventral 
surface three or four long bristly hairs, the anterior surface with two 
widely spaced preapical bristles. The hind femora bear rather long, 
erect hair on the basal half of the anterior surface above, and one small 
anterior preapical bristle. Tibiae yellowish, the apical fifth of the 
posterior ones blackish. Tarsi black or brown, the basal two or three 
joints of the front four yellowish, their apices somewhat infuscated 
or not, or all the joints of the tarsi may appear somewhat reddish or 
yellow basally, as in the paratype. The first joint of the front tarsi is 
swollen apically, the second joint three-fourths as long, the third as 
long as the last two. 
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Wings brownish hyaline, the cross-vein oblique. Squamae and 
hal teres yellow, the former white ciliate. 

Abdomen green, thinly greyish pollinose, the sides more thickly 
so, the incisures blackish-bronzed. Hair black, on the sides and venter 
white. Genitalia black, the outer lamellae brownish with fine brown 
hairs; wide basally, constricted before the middle where there is a short 
arm; inner lamellae long and slender, brownish. (See fig. 4) 

Female. Face rather narrow for a female, argenteous. the upper 
section at least one and one fourth as long as wide. Front green, 
densely greyish pollinose. Occiput densely greyish pollinose on green 
ground, the beard whitish. Palpi brown, reddish apically, but thickly 
greyish pollinose, their hair black. Antennae black, the third joint sub- 
cordate, but little longer than wide; arista as long as the face. 

Anterior coxae reddish yellow, their pile white, but there are 
several black bristles on the apical margin exteriorly. Posterior four 
coxae mostly blackish but with reddish reflections in large part, the 
middle ones with yellow pile and several black apical bristles, the hind 
ones with white hair and no bristle. Legs reddish yellow, the tibiae 
paler, the apex of the posterior tibiae and the tarsi as in the male, the 
basitarsi simple. The hair on the anterior femora is somewhat longer 
than usual, and there is one preapical posterior bristle, the hairs below 
this noticeably strong; middle femora normally with an anterior and 
two po.stero-ventral preapical bristles, the hind femora with a small 
anterior one. 

Described from three specimens from Lafayette, Ind., May 24 and 
August 7 and 14 (Aldrich). 

Paratype— May 24, 1917; No. 649 in the Canadian National 
Collection, Ottawa. 

Type and Allotype — Male and female, Cat. N.o 28076, U.S.N.M. 

5. Rhaphium nudum Van Duzec 
(Figs. 6, 7). 

Length 4.5 to 5 mm. Face and beard black ; genital lamellae with 
a short median branch; legs black, the front four tibiae and hind ones 
except the tip, yellow; coxae without spine. 

Male. Face very narrow, slightly widened above, opaque black. 
Front deep green, rather thickly dark brown pollinose. Occiput deep 
blue green, thinly greyish brown pollinose, the beard black. Palpi black, 
with brownish tips, small, their strong hairs black. Third antennal joint 
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slightly longer than the front, rather strongly tapering, the arista longer 
than the face. (See fig. 7) 

Mesonotuni deep green, becoming watery blue-green l)ehind, with 
a dark vitta on either side of the middle line ; thinly brownish pollinose. 
Pleura largely blackish; greyish pollinose. Propleural pile black. 

Coxae blackish green, grey pollinose, wholly black-haired except on 
the outer side of the hind ones which bear yellowish tinged fine hairs. 
No coxal spines. Femora, apical fourth or less of hind tibiae, hind 
tarsi, last three joints of front four tarsi and apices of the first two 
joints, blackish or brown; apices of the femora, tibiae and bases of first 
two tarsal joints, reddish, but in some specimens they are only reddish 
brown. First two joints of the front tarsi broadened and thickened 
apically, the second not much shorter than the first, the apex of the 
first joint and whole of the second with noticeably developed longer 
black bristly hair on the anterior surface. Femora wholly black-haired, 
the bristles on tibiae more numerous than ordinarily. 

Wings somewhat cinereous; cross-vein straight, oblique. Squamae 
and halteres yellow, the foniier with abundant yellow cilia. Abdomen 
green basally and laterally, greyish pollinose, the disc and last two or 
three segments bronzed. Genitalia (fig. 6) black, the lamellae brown, 
with fine, short, brown hair. Pile of sides of abdomen yellow, of venter 
white, the dorsal hairs black. 

Female. Face wide, the upper section almost square, the lower a 
little longer than wide or equal, and about as long as the upper ; brownish 
golden pollinose. Front deep bronze green, the colour chiefly obscured 
by grey-brown pollen. Occiput rather bright grey-green, greyish pollinose, 
the beard yellowish. Palpi large, brown, black-haired, their pollen similar 
to that on face. Third antennal joint subcordate, as wide as long; arista 
situated at apex, almost as long as face and palpi. 

Propleural pile yellowish, that on the coxae similar; the anterior 
coxae broadly, obscurely reddish on anterior apex. Legs reddish, the 
hind femora more or less brownish above on apical half, their tibiae 
and tarsi as in male, the other tarsi coloured as in male, simple in 
structure. Anterior femora with two or three fine preapical bristles in 
row on upper edge, the hind ones with a median one on anterior surface, 
the middle with two anterior and two or three posterior preapical 
bristles. 

Description from numerous specimens from Ottawa, Ont., and Hull, 
Que., June. Originally described from Fairbanks, Alaska. 

This is one of the several species of Dolichopodidae which I have 
taken commonly near Ottawa and which Van Duzee has described from 
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Alaska. It is probably the most common species in the genus in the 
vicinity of Ottawa, and I took well over fifty specimens in less than 
fifteen minutes near Hull in a shaded gully with extensive mud beds. 
It was possible to take a score or more at each sweep of the net over 
the mud. Both sexes are readily recognized, the female by the unusually 
brownish golden face. 

Type— C^t. No. 25960, U.S.N.M. 

6. Rhaphium terminate Van Duzee 
(Figs. 8 and 9). 

**Male. Length 4.5 mm. Face very narrow, black. Palpi and 
proboscis black. Front usually steel blue, sometimes green, not very 
bright. Antenna (fig. 9) black; third joint scarcely more than half as 
long as the face; arista nearly twice as long as third joint. Hairs of 
the eyes brown. Beard black, abundant. 

“Thorax green, rather dull, its posterior slope and the scutellum 
usually steel blue, the latter with two pair of marginal bristles, the 
outer pair half as long as the median ones. Abdomen green, the last 
two segments usually more purple; hairs on its dorsum black, those on 
the basal edge of first segment and the long ones on the sides of first 
and second segments yellowish; venter black, its hairs white. Ilypopygium 
(fig. 8) of moderate size, black; its outer lamellae long, tapering, ribbon- 
like, brown, fringed on the edge and one side with long pale hairs; inner 
appendages a little paddle-shaped, testaceous, with four minute spines 
near the middle on one edge. 

“Coxae wholly black, anterior pair shining on posterior surface, the 
anterior half dull with black hairs, those along the outer edge of anterior 
side pale; middle and hind coxae with pale hairs, the fonner with a 
black thorn at tip. All femora black, fore and middle ones with yellow 
tips; outer surface of fore femora with long black hair above and a 
row of slender black bristles below ; there are a few long pale hairs 
between these bristles and the black hair above. Middle femora with a 
few pale hairs at base below and three long, slender, black preapical 
bristles on posterior side and one on anterior side; hind ones with one 
very small preapical bristle, their hair short, except a few longer hairs 
at base above. Fore and middle tibiae brown at base, apical half yellow, 
their bristles long, middle ones with a row of four bristles on lower 
anterior edge. Hind tibiae black at base and tip, still mostly yellowish, 
sometimes only the extreme base infuscated, their bristles rather strong. 
Fore tarsi a little longer than their tibiae; first joint a little enlarged 
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at tip and extending beyond the base of second joint, which is slightly 
compressed, except at tip, of about equal width, three-fourths as long 
as first; fourth and fifth of about equal length and taken together about 
as long as third. Middle tarsi black from the tip of the first joint, still 
sometimes the second is yellowish at base. Hind tarsi wholly black, 
with the first and second joints of about equal length. Calypters, their 
cilia, and the halteres pale yellow. 

‘‘Wings grayish, veins brown or yellowish ; third vein bent backward ; 
at tip it is a little recurved forward; last section of fourth vein bent 
beyond its middle, nearly parallel with third towards its tip, ending in 
the apex of the wing ; last section of fifth vein nearly one and one-third 
times as long as the cross-vein. 

''Female. Face broad, its pollen coarse and yellowish; suture near 
the centre of its length, lower portion with oral edge rounded, and 
with the metallic green ground colour showing through the pollen. 
Antennae small, third joint not longer than wide. Beard white, rather 
abundant on the sides. Thorax with the posterior part of the dorsum 
more or less coppery red. Hairs on the dorsum of the abdomen mostly 
whitish, those on the sides of first and second segments moderately 
long, white. Fore coxae with white hairs. Fore femora black or green 
with their tips broadly yellow, and sometimes yellow below, their 
posterior surface with rather long white hair and several small black 
bristles near the tip. Middle and hind femora yellow, the latter more 
or less blackened at tip, at least above, and with one small preapical 
bristle; middle ones with two or three preapical bristles on each side. 
All tibiae yellow ; posterior ones blackened a little at base and tip ; middle 
ones with two bristles on anterior surface. Fore tarsi as long as their 
tibiae, darkened toward their tip, last joint black, second joint a little 
more than half as long as first, last three joints of about equal length, 
still the fourth a little the shortevSt. Middle tarsi blackened from the 
tip of the first joint, which is as long as the three following taken 
together; fourth shorter than fifth. Hind tarsi wholly black, first and 
second joints of equal length. 

“Described from seven males and seven females, Alaska.” 

7y/>^— Male, Cat. No, 25959, U.S.N.M. 

“This species has the appendages of the hypopygium very much 
like those of elegantula Meigen, but it is smaller, duller, the legs are 
much more blackened, and the hair on fore coxae is mostly black in 
this form, while in elegantula it is whitish; they also differ in other 
points.” (Van Duzee) 
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In the Canadian National Collection there are two paratypes, ^ 
9 donated by the United States National Museum. 

7. Rhaphium banksi Van Duzee new species 
(Figs. 10, 11) 

The manuscript for this species has been prepared by Mr. M. C. 
Van Duzee. 

Male. Length 4.7 mm. Face narrow, silvery white. Palpi white, 
small. Front green with white pollen. Antennae black; third joint as 
long as the face, tapering to a point; arista apical, as long as the 
antenna. (See fig. 11.) Beard white, abundant; the black orbital cilia 
descend to upper third of the eye. 

Thorax dark green, shining; scutellum with one pair of marginal 
bristles. Abdomen green with black incisures, its sides dulled with 
white pollen; hairs on the abdomen pale, except a very few on the 
hind margins of the segments along the middle of the dorsum; the 
hairs on the sides long and white. Hypopygium black with green 
reflections, the outer lamellae (Fig. 10) large, brown with a black border 
and black dots where the hairs are inserted, they are broad, somewhat 
triangular, tapering to a point at lower outer corner, fringed with black 
hairs; the inner appendages are a pair of small but rather long, dark, 
slightly clavate organs, and the central filament has its tip large and 
truncate at apex. 

All coxae blackish with long white hair and bristles; middle pair 
without a thorn at tip. All femora black; anterior pair with long white 
hair on their posterior surface; middle ones with long white hairs on 
lower posterior surface; hind ones with long white hair on upper edge 
of basal half. Fore and middle tibiae yellow, the latter more brownish. 
Hind tibiae wholly black. All tarsi black or dark brown ; middle basitarsi 
with a few spines below at base ; joints of fore tarsi as 33-13-7-5-7 ; those 
of middle ones as 42-23-18-7-7 ; joints of hind pair as 37-34-22-13-9. 
Calypters yellow with a brown tip and white cilia. Halteres yellow. 

Wings tinged with brown in front of third vein, which is bent 
backward at tip; last section of fourth vein considerably bent, parallel 
with third at tip; last section of fifth vein not quite twice as long as 
the cross-vein. 

Described from one male taken at Dyke, Va., May 14, by Nathan 
Banks, for whom the species is named. 

Type in the Van Duzee collection. 
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8. Rhaphium cUbibarba Van Duzcc 
(Figs. 12, 13). 

''Male. Length 4 mm.; of wing the same. Face narrow, silvery 
white. Palpi velvety black, edged with white pollen, and with a few 
small black hairs. Front steel-blue, dull. Antennae black (fig. 13) ; 
third joint about as long as the face, rather slender toward the tip; 
arista slightly more than half as long as the antenna, its first joint short. 
The long black orbital cilia reaching down to upper fourth of eye height, 
below these the long, dense beard is sordid white. 

“Thorax blue-green, dulled with gray pollen ; dorsum with the usual 
brown stripe on each side of the acrostical bristles; scutellum with one 
pair of long bristles, two pairs of small ones between them, and three 
pairs of long hairs basally on its margin, and two small black hairs on 
the disk; propleura with long white hairs. Abdomen metallic green, 
dulled with gray pollen, hairs on the dorsum black, those on the sides 
of the first three segments and extending on to the dorsum of first are 
yellowish and on the lower edge long and dense. Hypopygium (fig. 12) 
black, rather small, upper half dull, lower part shining; outer lamellae 
triangular, black, fringed with long pale hairs, they are scarcely as long 
as the height of the hypopygium; inner appendages long and shining 
black, pointed, extending forward under the abdomen ; they have several 
delicate hairs on upper surface. 

“Coxae, legs and feet wholly black, except tip of fore tibia, apical 
half of middle tibia and base of fore and middle basitarsi, which arc 
yellowish. All coxae with long whitish hair, that on the anterior pair 
very dense; middle pair with a thorn of black bristles at tip. All femora 
fringed with long whitish hairs on lower posterior surface, those on 
middle pair not so numerous but on the others very abundant ; posterior 
ones also have besides those already mentioned a few pale hairs on 
lower outer edge ending with one or two black ones and with a small 
black preapical bri.stle. Tibiae with numerous biistles on upper surface, 
those on posterior ones more scattering. Fore tarsi as long as their 
tibiae, first joint as long as the three following taken together, second, 
third, and fourth each a little shorter than the preceding one; fourth, 
and fifth of about equal length; fore basitarsus considerably enlarged 
below at tip. Hind tarsi stout, scarcely as long as their tibiae, first and 
second joints of equal length. Calypters and stem of halteres brownish, 
cilia of the former whitish, knobs of halteres yellow. 

‘‘Wings tinged with brownish gray, darkest in the middle of the 
cells, a hyaline spot surrounds the cross-vein and extending somewhat 
at its middle; third vein bent at about the same distance from its tip 
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along the upper edge of the fifth vein; last section of fourth vein bent 
so as to approach fourth and about parallel with it near their tips, 
fourth ending in the apex of the wing; first vein reaching about half 
the distance to the cross-vein; last section of fifth vein twice as long 
as the cross-vein. 

“Described from one male taken at Anchoi*age, Alaska, July 21. 

**Type — Male, Cat. No. 25961, U.S.N.M.” (Original description) 

I have not seen this species. The wings evidently are somewhat 
as in campestre Curr., but the almost wholly black legs will at once serve 
to distinguish the species. 

9. Rhaphium armatum Curran 
(Figs. 14, 15). 

Length 5 mm.; antennae 1.25 mm. Male. Face as wide as the 
first antennal joint, slightly wider above, densely silvery white pollinose 
Front green, the ground colour largely obscured by while pollen so that 
it only shows weakly above, the anterior margin and sides below blackish. 
Occiput green, slightly brassy or bronzed, narrowly white pollinose on 
lower three-fourths along the orbits; upper cilia black, the beard white, 
not dense. Antennae black, third joint as long as height of head, 
gradually tapering from its base, very short pubescent; arista slightly 
longer than first two antennal joints. (Sec fig. 15.) Palpi black, white 
pollinose in front, where there are also a few white hairs; proboscis 
blackish. 

Mesonotum rather blackish green, not brilliantly shining, with two 
approximate bronzed stripes on the middle line ; the sides before the 
base of the wings whitish pollinose. IMeura with tw^o or three paler 
green areas, but generally blackish green, wdth moderately abundant 
whitish pollen. 

Coxae, femora and posterior tibiae and tarsi, black or green, the 
apices of the trochanters and extremely narrow bases of the femora, 
yellow ; apices of front four femora, their tibiae, first four joints of 
middle tarsi and the anterior basitarsi, except the apex, yellowish, joints 
of middle tarsi infuscated apically, the front tarsi brownish. Coxae 
entirely white-haired, no black bristles; legs with short, appressed black 
pile except white hair as follows: behind the front femora, where it is 
abundant, behind the middle femora, where it is long and moderately 
abundant ; a few long hairs at the base of the posterior ones on the upper 
surface. Middle femora with one or two preapical bristles on front surface 
and two on posterior surface. First joint of front tarsi incrassate apically. 
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the posterior femora increased in width from the slender base almost 
to the apex. Middle coxae with strong black thorn, posterior coxae 
lacking one. 

Wings slightly fuscous, more so in front. Squamae yellow, with 
white cilia. Halteres yellow, the stem short and slightly fuscous. 

Abdomen brassy green, the incomplete bases of the segments bronze- 
black on basal half or less, the fifth segment almost all this colour, the 
sixth segment more blackish. Pile black, moderately long, on the sides 
longer, white. Genitalia black; outer lamellae short, rather narrow, 
fuscous, with short yellow marginal hair apically ; inner lamellae as long 
as the outer, sharply curved away from the body near their apex, at 
the point of the curve sending forward two slender filaments, which 
curve sharply upwards, then again forwards to end in a fine acute 
point ; these lamellae are black as far as the curve, thence bright yellow. 
(See fig. 14) 

This species is difficult to place. It has the aspect of P. melampus 
Lw., but shorter genitalia and longer hind legs ; still the antennae indicate 
relationship to melampus. The long legs place the species near crassipes, 
canadense, etc. 

Originally described from Quebec and New York. 

Type in Canadian National Collection. 

Paratype—UzX^, Cat. No. 28077, U.S.N.M. 

10. Rhaphium barbipes Van Duzee 
Ent. News, XXXIV, 239, 1923. 

Length 5.3 m.m. Face narrow, silvery white; front green. 
Antennae black; third joint nearly as long as the face; arista as long 
as the antennae. The long white beard abundant and reaching the 
upper fourth of the eye, the upper orbital cilia short, black. 

‘Thorax green, shining with a spot of white pollen on each side 
extending from the humeri to the suture and a blackish spot above the 
root of the wing; scutellum with four marginal bristles. 

“Abdomen green, apical segments almost black, spots of white pollen 
and long white hair on the sides. Hypopygium not very large, its outer 
lamellae as long as the height of the hypopygium, curved, of equal 
width, not tapering, fringed with pale hairs; inner appendages not quite 
one-third as long as the outer, straight, blunt, divergent. 

'‘Coxae, femora, hind tibiae and hind tarsi black. Coxae with long 
white hair, middle and hind pairs with a black thorn at tip; tips of 
fore and middle femora and their tibiae yellow. Fore femora on 
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posterior surface, middle pair below and hind ones on anterior surface 
with abundant, long, white hair. Fore tarsi yellow, infuscated towards 
their tips, first joint slightly compressed, a very little hollowed below 
beyond their middle and with a row of about seven blunt teeth on the 
middle of lower edge; joints of fore tarsi as 37-17-13-8-8. Middle tarsi 
black from the tip of first joint. Joints of hind tarsi as 48-37-16-15-15. 
Calypters and halteres yellow, the former with white cilia. 

“Wings very slightly tinged with brown ; third and fourth veins 
approach each other a little but are parallel towards their tips. 

“8 Two females that seem to belong with this male have the face 
wide, white, rounded below, its suture below the middle; third antennal 
joint about half as long as in the male; beard not conspicuous, except 
on lower part of the head; coxae, fore and hind femora, and posterior 
tibiae and their tarsi black; all trochanters, entire middle femora and 
the first joint; middle tarsi mostly blackish; wings as in the male, still 
more tinged with brown, 

“Described from one pair (male holotype, female allotype) taken at 
Machias, Maine, July 21 and 22; and one female foutid at Princeton, 
Maine, July 12; all were taken by C. W. Johnson and are in the 
collection of the Boston Society of Natural History.” (Original descrip- 
tion) 


11. Rhaphium orientate new species 
(Figs. 16, 17) 

Allied to barbipes Van Duzee from which it evidently differs only 
by the outer genital lamellae being clothed with long, coarse black hairs 
instead of yellow hairs. 

Length 6 to 6.5 mm. Male. Face long, narrow, a little widened 
above, silvery white, brownish just at the antennae. Front i*ather 
narrow, deep green, thinly greyish pollinose. Occiput greyish or whitish 
pollinose, blackish between the orbital bristles and eye margins; beard 
abundant, white ; eyes emarginate at upper fourth, yellow pilose. Palpi 
black, with ochreous pollen in some lights, their fine hairs pale. Third 
antennal joint three times as long as wide, tapering; aiista hardly twice 
as long as third antennal joint. (See fig. 17) 

Mesonotum deep green, mostly with bronze reflection, the median 
and sub-lateral vittae clearly green. Notopleura and pleura greyish 
pollinose. Propleural pile white. Acrostical bristles strong, reaching 
the posterior fifth of the mesonotum. Scutellum with four strong 
bristles. 
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Coxae black or green, grey pollinose, white pilose; posterior four 
coxae with thorns; posterior coxae with black bristle among the pale 
hairs on the outer surface. Femora black, the apices of the anterior 
four reddish. Anterior four tibiae and basal joint of their tarsi, reddish 
yellow, the legs elsewhere black or brown, although the bases of the 
joints of the front tarsi are usually somewhat reddish. First joint of 
front tarsi hardly three-fourths as long as the remaining joints, on the 
anterior lower margin with a row of short, stout spinules not reaching 
the base or apex, behind with six or seven similar spinules on the 
slightly swollen apex and with several longer finer hairs towards the 
base. Anterior four femora with long whitish hair behind, and below, 
the anterior pair with short white hairs on the lower anterior edge; 
posterior femora with long whitish hair in front except apically. Anterior 
femora without preapical bristles, the middle ones with two or three 
in front and behind towards the lower edge, the posterior pair with a 
row of six to eight black cilia on apical third of each of the lower 
edges and with three or four black bristles on the anterior surface 
before the apex. 

Wings tinged with brownish or luteous. Squamae and halteres 
yellow, the former white ciliate. 

Abdomen green, the bases of each segment, expanded in the middle, 
bronze black, the apical segment wholly of this colour, the paler areas 
greyish pollinose. .Sides of abdomen and venter with whitish pile. 
Genitalia black, lightly greyish pollinose; outer lamellae brown with 
stout black hairs. (Fig. 16) 

Female. Face with parallel sides, rather narrow for female; front 
often almost black; palpi large, sub-triangular, black, with silvery grey 
pollen which has a slight brownish reflection, the hairs black. Third 
antennal joint twice as long as wide, tapering; arista one-fifth longer 
than face. 

Anterior coxae with several black bristles apically; middle coxae 
with an apical fringe of strong black bristles, the hind ones similarly 
armed. Legs coloured as in male, the hind femora without white hair 
and with much shorter cilia below. 

Described from 4 ^ and 8 $ , Barber Dam, New Brunswick, June 
25, 1914, (J. D. Tothill); and 1 $ , Oromocto, N.B., July 9, 1913; 16 
New Bedford, Mass., May 31, 1896, (Hough). 

Type and Allotype — No. 1352 in the Canadian National Collection, 
Ottawa. 

Paraiypes — Male and female, Cat. No. 28078, U.S.N.M. 
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12. Rhaphium spinitarsis Curran 
(Fig. 18). 

Length 4 mm. Femora black, face moderately narrow, silvery 
white; middle basitarsi with several long black bristles below, anterior 
four tibiae wholly yellow, the hind ones black with the basal two-thirds 
pale yellow above. 

Male. Face moderately narrow, with nearly parallel sides, slightly 
widened on upper third; silvery white. Front green to black green, 
bare. Occiput green, very thinly whitish pollinosc. Beard yellowish. 
Palpi black, with brownish yellow anterior margin, the hairs black. 
Antennae black, the third joint twice as long as wide, acute (not as long 
as the face) ; arista as long as the face, its penultimate joint about twice 
as long as wide, swollen. 

Mesonotum green, usually almost all bronzed, with a dull bronze 
line outside the acrostical bristles. Pleura green and bronzed, grey 
pollinose. Prothorax yellowish pilose. 

Coxae green or black, grey pollinose, with yellowish pile, middle 
coxae with a long, slender black thorn, and a black bristle on the 
outer margin towards the end, the posterior ones without bristle. Coxae, 
femora, posterior tibia and tarsi, black, the posterior tibiae yellowish 
on the basal two-thirds of their dorsal surface. Anterior femora with 
moderately long black hairs behind, below with long pale hairs on more 
than the basal half, the middle ones with pale hairs below on 
basal half, and very long pale hairs on basal third of the 
postero-ventral surface. Front femora with posterior, middle with one 
anterior and posterior, the hind with anterior preapical bristle. Anterior 
four tibiae pale yellowish. Anterior four tarsi black from the tip of 
the first joint; anterior basitarsus gradually very slightly thickened to 
apex, but not conspicuously enlarged, the three following joints very 
strongly compressed and much higher than wide, the hair conspicuous 
on the basitarsi. Middle basitarsi (fig. 18) with three unusually long 
bristles on the basal fourth below, and a smaller one just before the 
middle. 

Wings brownish tinged, with cross-vein almost rectangular. Squamae 
and halteres yellow, the former with white cilia. 

Abdomen green, with bronze reflections, thinly greyish pollino.^e, 
the sides evidently only a little more so. Hairs black, on the sides and 
venter yellowish. Genitalia black; outer lamellae brown, with black 
hairs, the inner shining black. 
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Originally described from Manitoba and Colorado. Occurs also 
in Alberta. 

Type in Canadian National Collection. 

Paratype — Male, Cat. No. 27525, U.S.N.M. 

13. Rhaphium johnsoni Van Duzee 
Ent. News, XXXIV, 240, 1923. 

**Male, Length 5-5.5 mm. Face narrow, silvery white. Front 
shining green. Antennae black ; third joint about as long as the height 
of the front; arista apical, a little longer than the antennae. Beard 
long, abundant, white; upper orbital cilia black, rather short. 

‘'Thorax dark shining green; scutellum with four large marginal 
bristles. Abdomen green, its incisures black or bronze, hairs on its 
dorsum black, those on the sides and venter long and white. Hypopygium 
black, not very large; its outer lamellae rather short, black, of about 
equal width to the tip, which is somewhat truncate; inner appendages 
small. 

“Coxae black with long white hair, middle pair with black bristles 
at tip, these do not form a thorn. Femora black, fore and middle pairs 
with yellow tips, the former with long white hair on posterior surface; 
middle ones with long white hair on both anterior and posterior edges 
below. Hind femora with rather long, black, stiff hairs on outer surface 
and lower inner edge. Fore and middle tibiae and most of their 
tarsi yellow. Hind tibiae and tarsi wholly black. Joints of fore 
tarsi as 37-11-9-4-10; of hind tarsi as 40-37-25-11-12. Calypters and 
halteres yellow, the former with white cilia. 

“Wings grayish; third and fourth veins bent so as to approach 
each other a little, but parallel towards their tips; last section of 
fifth vein as long as the cross- vein. 

'^Female, A female that seems to belong with these males has 
the antennae very nearly like the male’s; face wide with its sides 
parallel, rounded below, its suture just above lower third; the white 
hair forming the beard, on the coxae and on the fore and middle 
femora much shorter than in the male, the black hair on the hind 
femora also short. 

“Described from three males and one female. The holotype, a 
male, was taken at Lahaway, Ocean Co., New Jersey; the female 
(allotype) was taken by Nathan Banks, at Falls Church, Virginia, 
May 16; one of the other males was taken at Jeffrey, New Hamp- 
shire, June 18, and the other at Kingston, Rhode Island, June 17, 
by C. W. Johnson. Holotype and allotype in the author’s collection.’* 
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14. Rhaphium caudatum Van Duzee, new species 
(Figs. 19, 20). 

The manuscript for this species has been prepared by Mr. M. C. 
Van Duzee. 

Male, Length 4 mm. Face narrow, silvery white. Front dark 
green. Palpi black with a little white pollen, nearly as long as the 
width of the base of the third antennal joint. Antennae black, third 
joint more brown, nearly as long as the height of the head ; arista apical, 
one third as long as the third antennal joint. (See fig. 20.) Orbital 
cilia and the rather long beard white. 

Dorsum of thorax dark blue-green, quite shining; pleura more 
black with white pollen. Scutellum with four marginal bristles, the 
outer pair much the smallest. Abdomen green with a few black hairs 
on the dorsum and white hair on the sides and venter. Hypopygium 
(fig. 19) black or dark brown with short black bristles at the end; 
outer lamellae black, small, hairy, inner appendages larger, black and 
fomied as follows — a broad stem with a transverse, curved bar at the 
end, this bar extends posteriorly as a short, bare, curved horn, and 
anteriorly in a long, curved, forked appendage with a few hairs on 
the side, one of its forks slightly enlarged at tip and fringed with stiff 
little hairs, the other branch is somewhat yellowish, thin and narrower, 
ternunating in four hairs; penis yellow, short and blunt (in the paratype 
all these appendages arc less conspicuous, being more closely drawn up 
to the hypopygium). 

Coxae, femora, hind tibiae and their tarsi black. Fore and middle 
coxae and posterior surface of anterior femora with long white hair. 
Middle coxae with a black thorn at tip; the posterior pair also have 
a slender thorn. Middle femora with a few white hairs on lower 
posterior surface, hind femora with a few long white hairs at base 
above. Fore and middle tarsi yellow, but with the tips of some of their 
joints blackened; first joint of fore tarsi slightly enlarged at tip; joints 
of fore tarsi as 29-12-9-7-7; of middle ones as 48-23-18-12-8; those of 
hind tarsi as 42-41-27-18-10. Calypters and halteres yellow, the former 
with white cilia. 

Wings greyish, a little tinged with brown; venation about as usual 
in the genus; last section of fifth vein fully one and a half times as 
long as the cross-vein. 

Described from two males which I took in 1909, the holotype at 
Colden, N.Y., May 23, and the other at Toronto, Ont., May 30. 

Types in the author's collection. 
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IS. Rhaphium discolor Zettcrstedt 

(Fig. 21). 

**Male. Vertex and Irons aeneous green, somewhat pruinose; eyes 
pale-hairy. Epistoma narrow, silvery white. Palpi blackish. Occiput 
green, a little greyish pruinose; postocular hairs black above, whitish 
yellow below. Antennae black, almost as long as the head, the third 
joint about twice as long as the two basal; arista shorter than the 
antennae. Thorax dark green or somewhat olive, a little greyish 
pruinose, shining ; there are a pair of faint, darker stripes in the middle. 
Pleura green, greyish pruinose, most behind ; propleura with pale hairs. 
Abdomen green or a little aeneous or coppery, with narrow, dark 
incisures, slightly greyish pruinose; it is clothed with short, black hairs, 
longer and pale at the sides of the three first segments ; there are hind 
marginal bristles, somewhat long on the first segment. Venter greenish, 
grey pruinose, with white hairs, which are long towards the base. 
Ilypopygium (Fig. 21) blackish, the ventral lobes of moderate length, 
lancet-shaped, pointed with the apex curved a little downwards; the 
outer lamellae not long, triangularly dilated at the apex with the angle 
dorsally; they are brownish, .short-haired at the margin. Legs with 
the coxae grey; femora black, the anterior with the apex yellow, the 
front femora somewhat metallic green ; tibiae yellow, or the hind tibiae 
often darker to dark brown, and blackish at the apex; anterior tarsi 
blackish towards the end, hind tarsi more or less dark to quite black; 
the first joint of the front tarsi about as long as the second, slightly 
dilated below towards the apex; the second a little dilated at the base, 
the three last short; middle femora thin, middle metatarsus almost as 
long as the four following joints; hind metatarsus as long as the second 
joint. The legs have short, black hairs; the coxae are pale-haired; 
front femora with a row of strong, black bristles below, and with longish, 
white hairs on the posterior side, the upper row of which are black; 
middle femora with long, white hairs on the basal half below, and with 
black bristles at the apex on both sides; hind femora with one or two 
preapical bristles; tibiae with two dorsal rows of bristles, longest on 
the anterior tibiae, middle tibiae besides with two antero-ventral and 
some small ventral bristles; front metatarsi short-ciliated above and 
below, the second joint above; middle metatarsus with small bristles 
below, longest at the base. Wings almost hyaline; veins black, discal 
vein with a small, even curve. Squamulae yellow, with a white fringe. 
Halteres pale yellow. 

Female. Frons aeneous. Epistoma broad, brownish; palpi large, 
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brownish grey. Antennae short, the third joint about as long as the 
two basal; arista not twice as long as the antennae. Legs with the 
femora yellow and quite short-haired; front tarsi simple, the first joint 
about as long as the two next, the middle metatarsi about of the length 
of the three next; anterior coxae with no black hairs at apex. Wings 
somewhat brownish tinged. 

Length 3.8~4.7 mm. (Lundbcck) 

Coquillett and Van Duzee have recorded this species from Alaska. 
The above description is copied from the English edition of Lundbeck's 
Diptera Danica, Part IV. Lundbeck describes the species as Porj>hyrops 
consobrina Zett. 

16. Rhaphium bretnlamellatum Van Duzee, new species 
(Figs. 22, 23) 

The manuscript for this species has been prepared by Mr. M. C. 
Van Duzee. 

Male. Length 5 mm. Face narrow, silvery white. Palpi black. 
Front green, dulled with white pollen. Antennae (fig. 23) black; third 
joint about three times as long as wide and twice as long as the basal 
two joints taken together. Arista apical, about as long as the antenna. 
The black orbital cilia rather strong, reaching below the middle of the 
eye; beard white, abundant. 

Dorsum of the thorax and abdomen shining green, the latter with 
bronze reflections and black incisures; prothorax with white hair above 
the fore coxae; scutellum with one pair of large marginal bristles and 
outside of these, but rather clo.se to them, is a pair of small bristles. 
Ilypopygium (fig. 22) black; its outer lamellae brown with a short stem 
terminating in a nearly round lamella, which is fringed with a few 
short hairs; inner appendages longer than the outer, somewhat spear- 
shaped, pointing at tip, with a short stem. 

All coxae black, without thorns at tip; fore coxae with long white 
hair on anterior surface, middle and hind ones with rather sparse white 
hairs. Fore and middle femora black with apical fourth yellow, the 
former with long white hair on the posterior surface and black bristles 
below, which are as long as the width of the femora; middle pair with 
a few white hairs below. Hind femora black on whole lower surface 
and apical half above, the basal half above being brownish yellow. Hind 
tibiae moderately enlarged apically; bristles of the tibiae strong, those 
of the posterior pair not as long as the others; fore and middle tibiae 
yellows posterior pair black, a little yellowish above on basal three-fourths. 
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Fore tarsi almost wholly yellow, first joint not enlarged at tip; middle 
tarsi yellow with extreme tips of the joints brown; hind pair wholly 
black; joints of fore tarsi as 24-18-7-5-7 ; of middle ones as 42-21-13-12-8; 
and of hind ones as 40-38-25-15-10. Calypters, their cilia and the 
halteres yellow. 

Wings greyish; tip of third vein bent backward; last section of 
fourth vein a little arched, almost parallel with third ; last section of 
Sfth vein about one and a half times as long as the cross-vein. 

Described from two males taken by W. L. McAtee, at Mt. Vernon, 
Va., July 4, 1917. 

ry/>^— Male, Cat. No. 28092, U.S.N.M. 

Paratype — Author’s collection. 

17. Rhaphium brevicornis Van Duzee 
Ent. News, XXXIV, 241, 1923. 

**Mcle, Length 4 mm. Face rather wide above, narrow below, 
silvery white. Front green, dulled with grey pollen. Antennae black ; 
third joint scarcely longer than wide at base, conical ; arista apical, about 
twice as long as the antennae. Beard sordid whitish, not very abundant 
for the genus; the black upper orbital cilia extend down to about upper 
fourth of eye height; there is only one pair of postvertical bristles. 

“Thorax green, dulled with brownish pollen and with a brown stripe 
on each side of the acrostichal bristles. 

“Abdomen green, with a few white hairs on the sides, that arc 
longest on first segment. Hypopygium black; its outer lamellae arc 
long, narrow, brown, ribbon-like, of nearly equal width throughout, 
fringed with pale hairs on one side, if stretched out they would nearly 
reach the ventral edge of second segment; the inner appendages are a 
pair of straight organs, slightly widened at tip and reaching the ventral 
edge of fourth segment. 

“Coxae and femora black, tips of the latter narrowly yellow. Fore 
and middle coxae with long sordid whitish hair, middle ones without 
a thorn at tip. Fore femora with long delicate white hair on posterior 
surface, middle pair with only short hair. Tibiae yellow, hind pair 
black at tip, the black shading into the yellow and reaching to or beyond 
the middle on posterior side. Fore and middle tarsi yellowish, darker 
at tip, the former just equal to their tibiae in length, their joints as 
28-13-12-9-9, first joint a little widened at tip below. Fore tibiae with 
rather long hair on lower surface. Middle tarsi with their joints as 
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32-23-15-10-9. Hind tarsi wholly black, their joints as 40-55-20- 14-9. 
Calypters and halteres yellow, the former with white cilia. 

“Wings tinged with brown; third and fourth veins slightly arched 
so as to approach each other, being nearest together at tips ; last section 
of fourth only a little arched, without a distinct bend; last section of 
fifth vein twice as long as the cross-vein. 

**Feinale, Face very wide, yellowish white; front nearly opaque 
with brown pollen. Antennae as in the male ; thorax dulled with brown 
pollen, the brown stripes can scarcely be traced, but the central band 
has less pollen. Coxae blackish with very short pale hairs; fore femora 
yellowish on anterior, black on upper and posterior surfaces; middle 
femora wholly yellow, still the upper edge is dark ; hind femora yellow 
with the tip black above; tibiae yellow, hind pair with apical two-fifths 
black and slightly black at extreme base; tarsi coloured about as in 
the male. 

“Described from two males and one female, taken by Mr. Cole at 
Hood River, Oregon, the males on June 2 and the female on April 21. 
'I'ypes in the author's collection." (Original description) 

18. Rhaphium nigrovittatum new species 
(Fig. 24). 

Length 4 mm. Face and beard white; femora black, coxae blackish, 
without thorn; third antennal joint not over one and one-half times 
as long as wide; mesonotum green, with four brownish black vittae. 

Male. Face rather narrow, slightly widened above, silvery white. 
Front dark green, almost blackish, rather thickly greyish pollinose. 
Occiput green, greyish pollinose, orbital cilia black, beard white. Palpi 
blackish, their apices broadly reddish, grey pollinose. Third antennal 
joint about one and one-half times as long as wide; arista as long as 
the face, its basal section almost twice as long as wide, thickened on 
apical half. 

Mesonotum green, with broad median and sub-lateral bronzy or 
brown-black vittae, the median one narrowly interruj^ted for its whole 
length, all of them rather entire; they vary slightly in width. Pleura 
dark green, greyish pollinose. Propleura with white pile. 

Coxae greenish, greyish pollinose, their apices more or less broadly 
reddish, their pile white, rather abundant. Trochanters brownish. 
Femora blackish brown, their bases narrowly yellowish, the apices of 
the front four, immediate apex of the posterior femora, anterior four 
tibiae and tarsi yellow, the posterior tibiae yellow at the base, the apical 
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fourth brownish, the intermediate area becoming gradually darker to 
the apical brown region. Front femora with long white hair behind 
and below, the middle ones with shorter white hair behind on lower 
half ; middle femora with anterior and posterior, the hind with anterior 
preapical bristle. Last two or three joints of the front four tarsi 
brownish, the anterior basitarsi not or scarcely swollen apically, three 
times as long as the next joint. 

Wings tinged with brownish, darker anteriorly, the cross-vein 
almost rectangular. Squamae and halteres yellow, the former with 
white cilia. 

Abdomen green on basal half and sides, the incisures and disc 
caudally, bronzed, conspicuously greyish polHnose. Hairs black; on the 
sides basally and on the venter, whitish. Genitalia brownish red, 
moderately greyish pollinose so as to somewhat obscure the actual colour 
and make it appear darker, the outer lamellae dirty yellowish, the inner 
brownish reddish, the hair shining yellowish. (Fig. 24) 

Described from three males, Juliaetta, Idaho; May 2, 1902, collected 
by Dr. J. M. Aldrich. 

Type—Uz\t, Cat. No. 27079, U.S.N.M. 

Paratyp€—(jp , No. 670, in the Canadian National Collection, Ottawa. 

19. Rhaphium campestre Curran 
(Figs. 25, 26) 

Length 6 mm. Face narrow, white, third antennal joint acute, 
nearly three times as long as wide, anterior femora black, the hind 
ones black on upper half except sometimes (in tenerals), the basal fifth. 

Male, Face narrow, slightly widened above, silvery white. Front 
dark green, scarcely greyish pollinose, but narrowly brownish l>elow. 
Orbital cilia black, reaching to about the middle of the eyes, the beard 
white. Occiput green, grey pollinose on lower half or more. Palpi 
black, covered with silvery pollen and clothed wdth whitish hair. 
Proboscis black. Antennae black, the third joint tapering to a point 
from just beyond the base, about two and one-half times as long as 
wide, the arista thickened on basal joint and not strongly differentiated 
(See fig. 26) 

Mesonotum and scutellum bright green, with a pair of brownish 
vittac on the anterior three- fourths which lie between the dorso-central 
and acrostical bristles. Lateral declivity behind the suture blackish; 
humeri greyish pollinose. Pleura green, with some blackish areas, 
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especially marked below the wing base, rather densely greyish pollinose. 
Prothorax white pilose. Scutellum evenly convex apically, with four 
bristles, the outer ones weak. 

Coxae green and black, with greyish pollen, the pile greyish yellow, 
the middle coxae with a few strong apical bristles in addition to the 
black spine, the posterior coxae with a black bristle exteriorly but without 
apical spine; the anterior coxae without black bristles. Trochanters 
mostly blackish. Anterior femora green, with thin greyish dust, their 
apex and sometimes the narrow base reddish ; posterior femora reddish 
on the lower half, (sometimes on the base above and apically) the 
upper half or less shining black or brownish black, the posterior tibiae 
brown except the dorsal surface on the basal two-thirds or less, their 
tarsi brown or black; middle and hind tarsi blackish from the apex of 
the first segment, the legs elsewhere reddish. Anterior tarsi short, the 
first joint twice as large apically as basally, the second also enlarged 
apically, not twice as long as the width of the first. Anterior femora 
with two preapical bristles in front, and four or five behind, two on 
the upper, the remainder on the lower margin, the middle femora with 
two in front and three behind, the posterior femora with one in front 
and two behind; anterior four femora with rather long whitish hair 
below, the legs elsewhere with black hairs and bristles. 

Wings (Fig. 25) tinged with brown, the large cross- vein broadly 
whitish. Squamae and haltercs yellow, the former with white cilia. 

Abdomen green, the incisures blackish, the green portion conspicu- 
ously greyish white pollinose, the pollen more condensed laterally, the 
hairs black, the sides and venter with longer whitish hairs. Genitalia 
partly hidden, the outer lamellae yellowish with a brow^n upper margin 
and apex, elongate oval, the longer hairs black, the others pale. Inner 
lamellae brownish, becoming reddish on apical half, broad, elongate- 
triangular. 

Female. Length 6.5 mm. Face wide, the upper section very 
slightly wider than long, the whole lower two-thirds of the head 
yellowish grey pollinose, the front except immediately above the 
antennae blackish bronze, the occiput apparently similar. Beard 
yellowish. Palpi large, triangular, black in ground colour, the tip 
reddish, the hairs black. 

Mesonotum bronze-black, brown pollinose. the pollen leaving a 
narrow, almost bare stripe on the outer side of the acrosticals, which 
are small. The prescutellar depression green, with greyish pollen. 
Pleura green, with grey pollen. 

Coxae green, their apices narrowly reddish, densely greyish pollinose 
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and clothed with greyish yellow hair, the middle ones with several black 
bristly hairs apically, the hind ones with a black bristle before the apex 
on the outer side. Legs reddish, the posterior femora slightly darker 
above apically, the narrow base of the posterior tibiae, the apical fifth 
on the posterior side, and the posterior tarsi wholly, black, the remaining 
tarsal joints as in the Femora with bristles as in but they are 
weaker, the pale pile much shorter. Anterior tarsi practically simple. 

Wings as in Abdomen .similar. 

This species is characterized by the pale fa.scia about the cross-vein, 
which at once distinguishes it from any species described. 

Originally described from Manitoba (type locality), Saskatchewan, 
Alberta and British Columbia. Additional specimens have come to hand 
from Alberta. 

Type in the Canadian National Collection. 

Paratypes — Male and female. Cat. No. 27524, U.S.N.M. 

20. Rhaphium subarmatum Curran 
(Fig. 27). 

Length 6 to 6.5 nim. Allied to slossonae but the posterior tibiae 
are wholly black; face .silvery white, beard white; third antennal joint 
three times as long as wide, acute. 

Male. Face narrow, slightly widened above, silvery white. Front 
green, with more or Ie.ss purplish reflection below, white pollinose. 
Occiput green, darker inside the black orbital bristles; whitish pollinose, 
the beard abundant, white. Palpi brown, w'ith a white margin in some 
lights, their hair black. Antennae black, third joint about three times 
as long as wide, moderately tapering, its arista slightly longer than the 
joint, its first section not .swollen, as broad as long. 

Mesonotum brilliant green or greenish blue, very thinly pollinose, 
the declivous margins behind the suture darker. Pleura blackish, their 
middle green, greyish white pollinose. Propleura white pilose. 

Coxae green, with greyish yellowish pollen and white pile, the 
anterior ones with two or three black bristles at apex towards the outer 
margin, the middle ones with a strong lateral one on the outer anterior 
edge and the outer half of the apex with strong, closely placed black 
hairs which do not form a thorn, the posterior coxae with a strong 
median exterior bristle. Trochanters black, the middle ones paler. 
Anterior femora and hind legs black, the apices of the front femora, 
middle legs and anterior tarsi reddish yellow, the middle tarsi black 
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from the apex of the first joint but the bases of the next two joints 
broadly paler, the anterior tarsi becoming brownish from the apex of 
the second joint. Anterior femora with long pale hair behind and 
below, the middle ones with shorter pale hair on these surfaces basally, 
with three anterior and posterior sub-ventral preapical bristles, the hind 
ones with conspicuous erect black hairs above and an incomplete row 
of short fine spinules below. 

Wings tinged with brownish or liiteous more so anteriorly, the 
cross-vein somewhat oblique. Squamae and halteres yellow, the former 
white ciliate. 

Abdomen green, greyish polHnose, the broad incisures and last two 
segments purplish black. Hair black, on the sides basally and the venter, 
whitish. Genitalia black (fig. 27), the lamellae brown, with fairly 
coarse black hair. 

Female. One specimen seems to belong here. Face narrow for 
a female, the upper section about twice as long as wide, silvery white. 
Palpi black, with brownish grey pollen, their pile black. Third antennal 
joint twice as long as wide, tapering, the arista two and a half times 
as long as the joint, its basal section thickened, not one and a half times 
as long as wide. 

Anterior four femora and whole of hind legs, black, the middle 
tarsi as in the male, the front basitarsi with longer hairs than usual. 
Apex of middle femora, tibiae and base of tarsi reddish yellow. Middle 
femora with two anterior and two or three posterior preapical bristles 
and with rather long black hairs below, the hind ones with shorter hair 
than in the male and no distinct preapical bristle. 

Type — c?, Oroinocto, N.B., July 9, 1913, (A. B. Baird); No. 668 
in the Canadian National Collection, Ottawa. 

Allotype-- Q , same data, 

Paratypes — Male and female. Cat. No. 28080, U.S.N.M.; 2 
Franconia, N.II.; 5 , same data as type; 9 , Gornish, N.B., July 11, 

1913. 


21. Rhaphium crassipes Meigcn 
(Figs. 28, 29, 30. 31). 

Length 4 to 4.5 mm. Front four legs yellow, the anterior femora 
largely and their last two tarsal joints black, the apical joint of these 
tarsi, the middle ones especially, broadened; hind legs black, the base 
of the tibiae and much of the femora yellow ; posterior four coxae with 
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abundant longish, black bristly hair apically, but not with the normal 
spines. 

Male, Face silvery white, in some views tinged with creamy 
yellowish, narrow, scarcely widened above. Front dark green, moderately 
greyish pollinose. Occiput green, with moderately abundant greyish 
pollen, the beard pale yellowish. Palpi normal, brownish with paler 
tips, their pollen greyish yellow, the few hairs whitish. Antennae black ; 
third joint slightly longer than the front, gently concave below, rather 
strongly tapering, the arista one-fourth longer than the antenna. (See 
fig. 30) 

Mesonotum dark green, moderately clothed with greyish brown 
pollen which leaves a sub-median darker stripe in certain views. Pleura 
thickly greyish pollinose. Propleural pile pale yellowish. 

Coxae greenish black, grey pollinose, the front ones and base of 
the middle with yellowish tinged pile, the fonner without black hairs, 
the latter on the apex with abundant black hairs not forming a compact 
spine, the posterior coxae with similar abundant black bristles and on 
the outer side a row of bristly hairs, the basal half of which are 
yellow, the remainder black. Posterior legs black, the basal fifth of 
the femora and usually the whole under surface, and the basal fifth 
of the tibiae reddish yellow ; anterior femora greenish black, the base 
narrowly, at least below, and the apical anterior lower half, or often 
the whole under edge, yellowish, the middle legs, anterior tibiae and 
the first three tarsal joints yellowish, the apical two tarsal joints black, 
the last joint of the anterior tarsi slightly broadened, that of the middle 
tarsi much so (fig. 29). Anterior basitarsi strongly angularly thickened 
at apex, the following joints not quite as long as the basal. 

Wings quite cinereous in front, fading out to posterior edge; cross- 
vein slightly oblique. Squamae and halteres yellow, the former with 
white cilia. 

Abdomen dark green, with a wide basal bronze triangle on each 
segment, the apical segment wdiolly bronze-black, the sides of the 
abdomen thickly greyish pollinose. Genitalia black, the long outer 
lamellae brownish or yellowish brown with brown margins, the hairs 
mostly brownish or partly brownish yellow. (See fig. 28) 

Female Face moderately wide, brassy brownish grey pollinose, the 
upper section one and one-fourth as long as wide, the lower part one- 
fourth wider than long. Front almost concolorous with face. Palpi 
large, brown, with a reddish border, the hair black, the pollen similar 
to that on face. Third antennal joint one and one-fourth longer than 
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wide, triangular, the under edge gently concave ; the arista slightly longer 
than the face. 

Mesonotum more thickly pollinose. Coxae with shorter black hairs 
at apex, the hind ones without black bristles in the external row. Femora 
and tibiae reddish yellow except that the posterior surface of the front 
femora is usually chiefly brownish and the apical half to two-thirds 
of the hind ones is of the same colour on the upper half or at least 
on the apical third. Posterior basitarsi obscurely reddish at base, the 
front four tarsi with the apical two joints black. Only middle tibiae 
with strong posterior and anterior preapical bristles. The abdomen is 
lighter in colour. 

Re-described from ten males and 30 females from Ottawa, Ont., 
and Megantic and Hull, Que., (Curran) ; and one female, Banff, Alta., 
August (Garrett). 

This European species has been reported from Alaska by Van 
Duzee. I found it rather commonly at Megantic, Que., but have only 
taken it in the vicinity of suitable wooded areas as it seems to prefer 
shade to the open muddy banks of streams. Lundbeck reports it as 
occurring in ''northern and middle Europe down into France; towards 
the north to Northern Sweden, and in Finland and Siberia.'' 

The female is fairly easily recognized by its pollinose front and 
the colour of the legs. 

22. Rhaphium ornatum Van Duzee 
(Figs. 32, 33, 33a). 

Length 5 mm. Face narrow, silvery white. Front green. 
Antennae (fig. 32) black, third joint as long as the face; arista apical, 
as long as third joint. Beard moderately long, white; the black orbital 
cilia reach down nearly to the middle of the eye, there are three 
postvertical bristles on each side. 

"Thorax shining green with a brown stripe on each side of the 
acrostichal bristles; scutellum with two pairs of marginal bristles, the 
outer ones much smaller than the inner pair; in one male there is a pair 
of marginal hairs between the central bristles. 

"Abdomen green with bronze brown incisures and the usual white 
hairs on the sides. Hypopygium black with short, black, stiff hairs; 
its outer lamellae long, slender, tapering, blackish with yellow base, 
fringed with pale hairs; inner appendages slender, curved, yellowish, 
reaching the ventral edge of fourth segment. (See fig. 33a) 

"Coxae black with white hair; middle pair with a long black thorn 
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at tip. Fore femora black more or less yellow on anterior surface, 
broadly yellow at tip, their lower posterior surface with long white hair, 
upper posterior surface with three small black bristles near the tip. 
Middle femora and basal half or more of hind femora yellow, the latter 
with nearly the apical half black; middle and hind femora each with a 
few small yellow hairs below. Fore and middle tibiae yellow, the former 
with a little silver pollen on posterior surface. Hind tibiae black with 
basal half of upper and about basal third of lower surface yellow. Fore 
tarsi (fig. 33) with the first two joints yellow, last four infuscated; 
the first is much widened below at tip; second joint two-thirds as wide 
as long, being nearly as wide as the tip of the first; joints of fore tarsi 
as 33-12-11-9-6. Middle tarsi black from the tip of first joint, their 
joints as 48-27-17-9-9, the first joint has several longer hairs at base 
below. Hind tarsi wholly black, their joints as 48-40-21-18-14. Calypters 
and their cilia yellow; knob of halteres yellow, stem brown. 

“Wings slightly tinged with brown; third and fourth veins consider- 
ably bent, approaching each other and again separating just before their 
tips; last section of fifth vein one and one-half times as long as the 
cross-vein. 

** 9 . Face wide, rounded below, its suture at its middle ; antennae 
small, third joint about as long as the two basal joints taken together; 
arista more than twice as long as the antennae. Femora and tibiae 
coloured about as in the male, except that the hind tibiae are yellow 
with about apical third black; femora with short hair; fore tarsi plain, 
blackened from the tip of the first joint. Wings about as in the male. 

“Described from two males and two females ; the males were taken 
at Golden, Erie County, New York, July 9 and 23; the females at 
Lancaster, Erie County, New York, June 2. Types in the collection 
of the author." (Original description) 

R. petchi Curran is a synonym. Several specimens have been taken 
by the author at Hemmingford, Que., Hull, Que., and Ottawa, Ont. 
Up to the present only occasional specimens have been found, usually in 
rather open spaces along streams. 

23. Rhaphium rotundiceps Loew 
(Figs. 34. 35, 36). 

Length 3.75 to 4.25 mm. Genital lamellae furcate; (fig. 34); 
anterior femora largely, the hind ones on apical third, apical fourth of 
their tibiae and hind tarsi black ; middle coxae with long spine. 

Male, Face very narrow, moderately widened on upper third; 
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silvery white. Front bright green, thinly whitish pollinose. Occiput 
blue-green, whitish pollinose, with long, not abundant white beard. Palpi 
small, brown, their tip silvery white, their pollen whitish when visible, 
the hairs black. Third antennal joint (fig. 35) almost as long as the 
face, rather broad, elongate triangular; arista almost as long as face 
and palpi. 

Mesonotum rather bright green, moderately brownish grey pollinose, 
with a darker vitta on either side of the middle line. Pleura more or 
less blackish on posterior half, greyish pollinose. Propleural pile white. 

Coxae blackish, greyish pollinose, nearly the apical half of the front 
ones yellow, the apex of the middle and hind ones more or less widely 
reddish. Anterior coxae, base of middle, and outer surface of hind 
ones with not abundant whitish hair, the front ones with three to five 
bristly black hairs apically, the middle ones with stout black hairs on 
outer edge and apical half and a long, strong black spine; the hind 
ones with only two or three inconspicuous black hairs at apex. 
Trochanters and legs yellowish, the anterior femora chiefly brownish, 
with the apical third (more or less, more below) yellowish, the apical 
third of the hind femora, apical fourth of their tibiae and all of their 
tarsi, black, the apices of the first two joints of the front four tarsi 
and the whole of the following three joints, brown. Anterior basitarsi 
simple, (See fig. 36.) Anterior femora with one or two preapical 
posterior bristles, the middle and hind each with one anterior, the middle 
with two posterior. 

Wings moderately tinged with brownish, the cross-vein slightly 
oblique. Squamae and halteres yellow, the fonner with fine white cilia. 

Abdomen brassy green, rather thickly greyish pollinose, the narrow 
base and elongate median triangle bronzed, the terminal segment largely 
brilliant bluish. Genitalia black, the inner and outer lamellae (fig. 34) 
brown, with fine brownish yellow hairs. 

Female, Face one-fourth head width, greyish argenteous, the upper 
section but little longer than wide, the lower as long as the upper. Front 
blue green, thinly whitish pollino.se. Palpi rather large, sub-triangular, 
fairly acute, pollinose like the face, their hair black, tip obscurely 
reddish, ground colour brownish. Third antennal joint sub-cordate, as 
wide as long; arista as long as face and palpi, slender. 

Anterior coxae with only the bases brownish; the hair as in the 
male but shorter and less abundant ; lacking the preapical bristle on outer 
side of hind ones. Legs as in male but the anterior femora are usuallv 
all yellow and only the apical fifth of the hind ones are black except 
below, where it is obscurely reddish and always less widely black. 
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Abdomen rather brassy green in mature specimens. In a teneral female 
the face is argenteous. 

Description from numerous specimens from Hull, Quebec, June, 
July. Originally described from District of Columbia. Occurs in New 
England States and probably all north-eastern America. 

The female of this species is extremely difficult to distinguish from 
its allies, and only the fact that two pairs were obtained in coitu enables 
me definitely to associate specimens with the male, which has very 
distinct genitalia. 


24. Rhaphium grande Curran 
(Figs. 37, 48) 

Large, 7.5 mm. Thorax bright green or blue green; middle and 
hind coxae with terminal thorn of black hairs; cilia of squamae and 
halteres yellow ; legs chiefly yellowish. 

Length 7.5 mm. Male. Face very narrow; narrowest about the 
lower two-thirds; shining yellowish white; brown just below each 
antenna. Front bright green, the sides and ocellar tubercle deep blue 
or blackish ; bare except for the black bristles. Occiput green ; superior 
bristles black; hairs on lower half white, abundant. Antennae (fig. 38) 
black; third joint elongate oval-triangular, its apex sharply rounded; 
arista terminal, its first joint twice as long as wide, rather stout. Eyes 
brown pilose, the posterior orbits with pale pile. Palpi black, yellow 
pollinose anteriorly, black haired. 

Thorax brassy green, sometimes bluish on the disk, with a wide, 
geminate, slightly darker median line; scarcely pollinose; pleura thinly 
greyish white pollinose. Bristles black; propleura with rather abundant 
milky white hair. Scutcllum concolorous with disk of thorax, with 
three or four bristles laterally, the inner one much the strongest. 

Legs; coxae blackish, rather thickly greyish pollinose; all rather 
abundantly milky white pilose; the front four with a long, black, stout 
hair on the outer surface sub-apically, the middle ones with a long apical 
thorn of dark hairs, the hind ones with a much shorter apical thorn and 
no external bristle. Front femora metallic green, the narrow base and 
broader apex, reddish yellow; middle and hind femora reddish yellow, 
the former with a metallic green stripe on the inferior basal half, the 
latter with a ventral black stripe. Femora black-haired, the front four 
white-haired beneath, the middle ones with long hair beneath; front 
femora with rather long moderately abundant black hair on posterior 
surface, stouter apically; the middle and hind each with five to eight 
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strong black bristles behind and three or four in front apically. Hind 
femora black above at apex. Tibiae yellowish, the hind ones black on 
inner surface, their apex darkened, all with two rows of black bristles 
outwardly, the middle ones with two bristles on apical fourth beneath, 
one anterior, one posterior. Tarsi black, the front four basitarsi wholly 
pale, the front one swollen at apex, the second joint rising at its top. 

Wings hyaline, yellowish anteriorly and along the veins; anal cell 
rounded apically. Third vein curved backward apically, the fourth vein 
curved forward beyond the middle of its last section, then curved back 
apically to end in the tip of the wing. Costa simple. Alulae small 
with long fringe of white hairs. Squamae pallidly yellowish, with long 
yellowish white cilia. Halteres yellow, their basal half pale brownish, 
finely whitish pubescent. 

Abdomen metallic green, with brassy reflections; first segment and 
narrow bases of the remainder, broadened medianly, blackish, rather 
dull, bordered with bronze. Hairs sparse, black; first three segments 
with long pale yellow hairs laterally. Sixth segment bright blue. ( What 
I have termed the first segment in describing the colour is not usually 
counted and I have not counted it otherwise.) Genitalia (fig. 37) black, 
the bulb more or less greenish. f.amellac moderately broad sub-basally, 
as long as last two abdominal segments, dirty ycllowdsh, the apical fourth 
brown, hair black. Claspers black, shining, flattened, with subparallel 
sides, the end a little curved downwards so as to appear clubbed from 
lateral view; from same view they are very thin. Sides of abdomen 
thinly white pollinose. 

Originally dCvScribed from British Columbia and not since recorded. 

Type in Canadian National Collection. 

25. Rhaphium slossonae Johnson 
(Fig. 39). 

Large, bluish species, with bronzy black abdominal incisures and 
violaceous terminal segment. Middle and hind coxae with spine. 

Length 6.5 to 7.25 mm. Male, Face extremely narrow, slightly 
widened below, rather strongly widened above, silvery yellowish white. 
Front brilliant green, with thin whitish pollen. Occiput bright green, 
with more or less extensive blue areas, the pollen greyish white; beard 
white. Palpi black, whitish pollinose, the hairs black. Third antennal 
joint twice as long as wide, rather wide apically, the under edge gently 
concave. Arista apical, slightly longer than the face. 

Mesonotum brilliant green or blue green, often with blue or 
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violaceous reflections, the latter more or less in the form of vittae, the 
usual darker vittae bronzed, the whole very thinly brownish pollinose. 
Pleura with more or less blackish areas, thickly greyish pollinose. 
Propleural pile white. 

Coxae black, with more or less greenish reflections; thickly greyish 
pollinose, their apices broadly reddish; pile greyish white; several black 
bristles towards apex of front coxae on outer edge; apical third of 
middle ones with stout black hairs which form a long spine, the hind 
ones with a slender spine, the irregular pile on outer edge pale. Femora 
reddish yellow, the anterior femora broadly black on the dorso-posterior 
surface except at base and apex or this colour may extend on to most 
of the upper surface ; apical fourth of posterior femora and their tibiae 
and tarsi, black, the anterior four tarsi brownish from tip of first joint 
or with the base of the second joint reddish. Anterior basitarsi enlarged 
on apex to more than double their basal width, the anterior edge of all 
the joints with longer hair than elsewhere. Anterior femora with two 
or three anterior and four to six posterior preapical bristles, the middle 
ones with three anterior and four or five posterior, the hind femora with 
one on each surface. Anterior four femora with long white pile behind 
and beneath. 

Wings cinereous hyaline, with a slight brownish tinge. Cross-vein 
slightly oblique. Squamae and halteres yellow, the fonner with abundant 
long whitish cilia. 

Abdomen bright green, the bases of the segments broadly bronzed 
black, increasingly widely so, the last segment violaceous or brilliant 
bluish. Pale areas with abundant greyish white pollen, especially laterally. 
Hairs black; long and whitish on sides and venter. Genitalia (fig. 39) 
dark green on basal portion, elsewhere rather dull black, the long lamellae 
brownish, with long, fine, brownish, hairs, the inner black ones with 
shorter fine brown hairs. 

Female. Face argenteous, the upper section one and one-third as 
long as wide, the lower section wider than long. Palpi black, with 
greyish pollen on base, outer margin and apex, elsewhere the pollen 
brownish, the hairs black. Third antennal joint small, one and one- 
third times as long as wide, very conspicuously concave on under surface 
beyond middle; arista longer than face. 

Middle coxae with only a few black hairs ; anterior femora normally 
all reddish yellow, the hind ones darkened on apical sixth except below, 
the bristles on the femora as in male; only slightly variable. Tarsi 
simple. Abdomen with the terminal segments bronzed. 

Descriptions from 12 and 5 9 from Hull, Que. Specimens have 
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been examined from Montreal, Quc. ; Fredericton, N.B., and New York 
State. Originally described from New Hampshire. 

I have taken this species only along the shores of the Ottawa 
River, and Brother Joseph Ouellet took it along the St. Lawrence River 
at Montreal. It seems to prefer the borders of rivers as it was not 
found elsewhere. 

There is a number of allied species of very similar appearance, 
R, grandis Curran being the closest related form, but it is readily dis- 
tinguished by having the under surface of the hind femora wholly 
black. 


26. Rhaphium elegantulum Meigen 
(Fig. 40) 

''Male. Vertex and frons aeneous; eyes whitish-hairy. Epistoma 
very narrow, silvery white. Palpi small, greyish. Occiput green, a 
little greyish pruinose; postocular hairs black above, white below. 
Antennae black, not long, shorter than the head, the third joint longer 
than the two basal ; arista longer than the antennae. Thorax bright 
green, not pruinose, shining. Pleura green, greyish pruinose ; proplcural 
hairs pale. Abdomen green or more or less coppery, especially towards 
the end, the sixth segment steel-blue or somewhat puq)lish; abdomen 
haired with short, black hairs, longer and pale at the sides of the three 
first segments; there are short hindmarginal bristles, longer on the first 
segment. Venter grey, with white hairs, which are long towards the 
base. Hypopygium (fig. 40) black or blackish green; the ventral lobes 
somewhat long, blackish brown, a little dilated and hollowed and thus 
somewhat spoon-like; outer lamellae rather long, simple, they are 
narrow, attenuated into a long apex, of dirty yellowish or brownish 
colour, longish-haired. Legs with the coxae grey, femora yellow, hind 
femora black at the apex, especially above; tibiae yellow, hind tibiae 
black towards the apex; anterior tarsi blackish or brown about from the 
apex of metatarsus, hind tarsi black. Middle coxae with a strong, hind 
coxae with a small, black apical spine; front metatarsus as long as the 
two next joints, thickened below towards the apex ; middle metatarsus 
shorter than the following joint. The legs have short, black hairs, the 
coxae are whitish-haired, front coxae with a few black bristles at apex; 
front femora with short, middle femora with somewhat long, white 
hairs below, otherwise the femora only short-haired ; they have all some 
bristles at the apex on both sides; all tibiae with long bristles in two 
dorsal rows, the middle tibiae besides with a ventral pair of bristles 
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below the middle; middle metatarsi a little spinulous beneath. Wings 
somewhat brownish ; veins black, discal vein with a slight and even curve. 
Squamulae yellow, with a whitish yellow fringe. Halteres yellow. 

^'Female, Similar to the male. Epistonia broad, this and the large 
palpi brownish grey. Antennae shorter than in the male, third joint 
about as long as first two, arista somewhat longer than the 
antennae. Legs about as in the male, hind femora not or slightly 
dark at the apex; anterior metatarsi relatively longer, about of the 
length of the three next joints, there are no coxal spines and the 
front metatarsi arc simple. Front and middle coxae with some 
black, bristly hairs at the apex. Femora quite short-haired. Wings 
more brownish than in the male. 

“Length 5,8 to 7 mm. 

“The pupa is yellow, it has a length of about 8 mm. (exuvia).“ 
(Lundbeck) 

Van Duzee reports this species from Alaska. Otherwise it has not 
been recorded from North America. It is widely distributed in Europe. 

Type probably in Paris Museum. 

27. Rhaphium tricaudatum Van Duzee 
Ohio Jour. Sci., XXIII, 243, 1923. 

**Male. Length 4 mm. ; of wing the same. P^ace very narrow, silvery 
white. Palpi black. PVont green. Antennae black; third joint about 
twice as long as the two basal joints taken together. Arista about as 
long as the antenna. Orbital cilia black, descending to upper third of 
the eye. Beard abundant, whitish; eyes with wliite hair. 

“Thorax and abdomen green, a little dulled with grayish pollen, the 
former with the usual two dark lines in front. Hypopygium black with 
its outer lamellae divided into three long branches, the posterior one 
the shortest; they are brownish, fringed with long pale hairs; inner 
appendages black, straight, styliform. 

“Coxae and femora black; fore and middle femora yellow at tip. 
Fore coxae with long white hair on its anterior surface, without black 
ones at tip. Middle and hind coxae with less abundant white hair, 
without a spine at tip. Fore femora with rather long pale hair on 
posterior surface, those near the tip black and bristle-like. Middle femora 
with long white hairs below on basal half and several black bristles on 
each side at tip. Hind femora with one or two preapical bristles. Tibiae 
yellow; fore and middle ones each with two rows of long bristles; 
posterior pair a little blackened at tip, its bristles rather strong, but 
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shorter than on the other tibiae. Fore tarsi longer than their tibiae, the 
first two joints and base of third yellow, last three joints black; first 
joint thickened at tip, as long as second, second a little excavated below 
near the base and slightly so before the tip; first and basal half of 
second joint with a row of minute blunt spines below; third and fifth 
joints of nearly equal length, fourth a little shorter; middle tarsi yellow 
with last two joints black, of nearly equal length, slightly compressed, so 
that the fifth is twice as wide as the third. Hind tarsi brown, only the 
last two joints black, first scarcely longer than the second and about 
equal to the third and fourth taken together; fifth joint but little longer 
than wide. Calypters, their cilia and the halteres yellow. 

“Wings greyish; third vein gently and evenly arched; last section 
of fourth vein a little bent just beyond its middle, nearly parallel with 
third towards its tip, ending in the apex of the wing; last section of 
fifth vein scarcely twice as long as the cross-vein; hind margin of wing 
nearly evenly rounded. 

^'Female. Face wide, grey, the ground colour sometimes showing 
through on the lower part, which is somewhat rounded in outline below ; 
suture just below the middle of the face. Antennae black, small, third 
joint about as long as wide, scarcely pointed at tip, arista nearly three 
times as long as the antenna. Front opaque with gray pollen. Beard 
yellowish white. Palpi large, obtusely pointed, black with black hair 
and white pollen. Fore coxae more or less yellowish with rather long 
white hair; I see two black hairs at tip in some specimens. Femora 
and tibiae yellow; posterior femora and tibiae blackened at tips. Fore 
femora with a row of rather long black hairs on upper posterior edge, 
ending in several slender bristles. Middle and hind femora each with 
one or more preapical bristles. Fore and middle tarsi darkened from 
the tip of first joint, still only the apical joints black, both with their 
joints normal, the first joint being nearly as long as the following three 
joints taken together. Hind tarsi about as in the male. Wings as in 
the male, except that the last section of fifth vein is fully twice as long 
as the cross-vein. 

“Described from one male and seven females, taken at Savonoski, 
Nakinek Lake, Alaska, in June and July, 1919, and two females from 
Katmai, Alaska, in August, 1917. 

“This is very much like tridactyla Frey, from Lapland. The male 
differs in having the inner appendages of the hypopygium nearly straight 
and not enlarged at tip; and in having the hind tibiae largely yellow. 

“The outer lamellae are also very slightly different from his drawing 
of those of tridactyla. The female differs in having the tips of the hind 
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femora broadly black on upper and lateral surfaces. The front nearly 
opaque with white pollen, and the last two joints of middle tarsi not 
widened.^* (Original description) 

28. Rhaphium canadense Curran 
(Figs. 41, 42). 

Length 4 to 4.5 mm. Allied to tridactyla Frey of Europe and 
tricaudatum V.D. from Alaska. Genital lamellae with three branches; 
middle femora wholly yellow. 

Male. Face narrow, silvery white, slightly widened above; palpi 
small, silvery white, with whitish hairs. Front bluish, sometimes with 
a brassy reflection, which makes it appear more greenish, the whole 
margin narrowly blackish; thinly yellowish pollinose, the pollen more 
evident below. Occiput green, mostly covered with white pollen, the 
cilia black to slightly below the level of the antennae, the pile elsewhere 
long, not very dense, white. Antennae black, the first two joints polished ; 
second joint four times as wide as long, the third about three times as 
long as wide, tapering from base to the rather acute apex, the antennae 
about as long as the face ; arista not quite apical, although appearing so, 
as long as the third joint, its basal segment slightly longer than wide. 
(See fig. 42) 

Mesonotum green, thinly greyish pollinose ; a median geminate vitta 
and a sub-lateral stripe bronzed; pleura green, white pollinose. 

Coxae green, white pollinose and pilose, the middle ones with a 
strong black apical thorn, the hind ones with a pencil composed of three 
or four hairs. Legs yellowish; front femora blackened posteriorly and 
above except at base and apex; posterior femora on apical third, (only 
apical fourth below), the posterior tarsi and last two joints of the front 
and middle tarsi, black, the posterior tibiae brownish yellow, appearing 
blackish from most views. Long pile on middle and front femora 
white. The rest of the hair black. Middle femora with one anterior 
and one posterior preapical bristle, the hind ones with one anterior. 
Posterior legs no longer than usual ; front basitarsus incrassated apically. 

Wings cinereous hyaline, quite greyish when seen together ; posterior 
cross vein slightly oblique and very gently curved. Squamae yellow, 
with white cilia. 

Abdomen bronze green, the sides green and moderately white 
pollinose, the narrow incisures and last segment blackish. Pile white 
along the sides, elsewhere black. Each segment with an apical row of 
black bristles. Outer lamellae brownish yellow, the three nearly equal 
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arms black, each arm fringed with not abundant long, straight or curved 
stout hairs, the outer or first branch with a dense terminal tuft of short, 
yellow, apically curved hairs, the inner or apical branch with a smaller 
tuft of finer white hairs, the middle arm not with apical condensation 
of short hairs. Inner lamellae long, slender, yellow, broadened at the 
sub-apical third to form a small, whitish fringed lobe, their apical third 
slender, acute. (See fig. 41) 

Female, Face silvery, one-fifth the width of the head; apical third 
of palpi yellow, base black; covered with yellow pollen, all the hairs 
black, one hair near the apex distinctly stronger than the others; front 
nearly one-fourth the width of the head, bright blue, on the lower half 
rather thickly white pollinose, above, thinly so. 

Legs yellow, the last two joints of the front four and the whole 
of the posterior tarsi, blackish. 

This species differs from P. tridactyla Frey of Europe in having 
the middle tarsi plain. In tridactyla the arms of the genital lamella are 
not equal in length, the inner being less than a third as long as the 
terminal and the inner lamellae are short and broad. (Curran) 

Originally described from the Province of Quebec. Specimens have 
been examined from New York and Ohio. 

Type in Canadian National Collection. 

Paratypes — Male and female. Cat. No. 26501, U.S.N.M. 


29. Rhaphium punctitarsis Curran 
(Figs. 43, 44). 

Length, 5 mm; antennae slightly over 1 mm. A peculiar species 
having lamellae, which are formed of triangles borne on a short stem, 
their anterior edge transverse but still somewhat concave and dentate, 
their inner edge straight, the outer-posterior edge gently convex, and 
with the apical half of the third joint of the middle tarsus pure white, 
the tarsus yellow basally, black beyond. 

Male, Face rather narrow, its sides almost parallel, perhaps slightly 
convex about the middle, silvery white. Front blue, at least bluish in 
the middle above, polished ; black immediately above the antennae. 
Occiput green, whitish pollinose except above ; cilia black to the level of 
antennae, the hair white. Antennae black, first joint thick, not long; 
third joint not quite as long as the height of the head, tapering from 
base to apex, wider than the second joint at the base, without noticeable 
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pubescence; arista about one-third as long as third joint. Palpi yellow, 
white poUinose apically, their hair white, proboscis brown. 

Mesonotum green, thinly pollinose, the pollen appearing to form 
greyish yellow vittae in some lights. A polished bronze area before the 
root of the wing ; sides before the suture white pollinose. Pleura blue- 
green or partly blackish, moderately white pollinose. 

Coxae green, whitish pollinose, white pilose, the middle ones with 
an apical thorn of black hair, the posterior ones with a weak pencil of 
only four or five hairs. Legs reddish yellow; posterior femora with a 
black streak on basal half below, above either wholly black or pale on 
the middle part, the apical sixth, extending basally above, black ; posterior 
tibiae and tarsi and last two joints of remaining tarsi, black. Apical 
half of third joint of middle tarsi white. Long pile behind the front 
femora and shorter pile basally beneath the remainder, white, the pile 
elsewhere black, the white part of the tarsi bare. Front basitarsus more 
swollen than usual apically; third joint of middle tarsi as long as the 
two following but scarcely as long as the second; first joint of hind 
tarsi slightly shorter than the second. (See fig. 44). Preapical femoral 
bristles farther from apex than usual, the middle femora with two, the 
posterior one at apical sixth, the hind femora with one small one. 

Wings cinereous, somewhat narrower basally than is usual. Squamae 
yellow, with white cilia. Halteres yellow. 

Abdomen green, whitish pollinose laterally, brassy on dorsum, the 
bases of the segments bronzed, darker at immediate base; sixth segment 
black. Pile black, white laterally. Genitalia short, roundish, black, the 
lamellae as described above, their stem brownish yellow, the broad apex 
polished black, the teeth and outer margin with moderately long, fine 
yellow hairs. 

Female, Face wider, silvery white; palpi yellow, becoming black on 
basal third, their pile black. Front bright blue; dull brown below the 
transverse carina. Third antennal joint three times as long as wide, 
two-thirds as long as the face, elongate triangular, its lower edge slightly 
concave sub-basally; arista slightly longer than the face. 

Front coxae very narrowly pale apically; middle coxae margined 
with strong black hairs apically, their apex narrowly pale. Posterior 
femora at most slightly brown at base below and above, their apical 
sixth black. Posterior tibiae and tarsi and apical two and a half joints 
of the front four tarsi, black, though sometimes only the last two joints 
are black, the second joint often brownish. 

Originally described from 9 specimens from Hull, Quebec, collected 
during June, 1923. In 1924 this species was extremely abundant in a 
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swamp at Aylmer, Quebec, and well over a hundred specimens were 
taken in two days. In addition, the species occurred fairly commonly at 
Hull during the same year. The dates range from April to July, but 
the species was most abundant during April and May. It is found, 
insofar as my experience goes, only in shady swamps where specimens 
are fond of resting on leaves in small sunny patches. 

Type in Canadian National Collection. 

Paratypes — Females, Cat. No. 26502. U.S.N.M. The National 
Museum also contains specimens of both sexes from Aylmer, Que. 

30. Rhaphium gracile Curran 
(Figs. 45, 46, 47). 

Length, 5.5 mm. Face and beard white; front bright green; legs 
chiefly yellow, the posterior tibiae and tarsi brown; outer lamellae 
triangular, broad, jagged apically, the inner ones very slender, long; 
middle coxae with a black apical spine; arista shorter than the long 
riband-Hke third antennal joint. 

Male. Face narrow, white, its sides almost parallel; front brilliant 
green-blue. Occiput green, greyish pollinosc except above; orbital cilia 
black, not descending to the middle of the eyes, the beard abundant, 
white. Proboscis brown; palpi small, yellow, with white pollen and 
hairs. Antennae (fig. 46) black; third joint slightly tapering, not quite 
as long as the height of the head, the arista slightly over one half as 
long as the third joint, fairly stout, the penultimate section not twice 
as long as wide. 

Mesonotum and scutellum blue-green, with scarcely a trace of pale 
pollen, the pleura green, more or less blackish below, moderately covered 
with greyish pollen. Propleura white pilose. 

Coxae brownish, the apices of the front four moderately broadly 
yellow, the whole greyish pollinose, the hair white, the middle ones with 
a black apical spine, the posterior ones without a black bristle on outer 
side. Legs yellow, the apex of the posterior femora, at least above, the 
last two or three joints of the anterior four tarsi and the posterior 
trochanters, brown or blackish. Anterior femora behind and the anterior 
four on the basal half below with fairly long pale hair, the middle ones 
with an anterior and posterior, the hind ones with an anterior preapical 
bristle. Anterior basitarsus swollen apically, the following joint not 
quite half as long, slightly swollen, the whole tarsus with conspicuous 
erect black hairs above. 

Wings tinged with yellowish brown, the cross-vein almost transverse. 
Squamae and halteres yellow, the former white ciliate. 
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Abdomen green, the incisures bronzed, the last segment dark 
greenish blue; sides of the abdomen and .disc basally greyish white 
pollinose. Hairs black; whitish on sides and venter. Genitalia black 
(fig. 45), the outer lamellae dirty yellowish becoming brown, the inner 
shining reddish; the outer with very fine rather brownish yellow hairs. 

Female, Face moderately narrow, argenteous, the upper portion one 
and one-fourth as long as wide; front violaceous. Beard sparse; palpi 
reddish, with greyish pollen, short black hair, and one longer sub-apical 
bristle. Third antennal joint elongate triangular, slightly over twice as 
long as wide; arista slightly longer than the face, (See fig. 47) 

Middle coxae with several black hairs on the outer side apically and 
with a row of stout yellow apical hairs which appear blackish in some 
lights. Pile as in male but shorter ; legs similarly colored but the anterior 
four tarsi paler, the last joint inclined to be reddish. Wings paler. 

Described from four specimens collected by Burgess at Beverley, 
Mass., May 23, 1870, from C. V. Riley Collection. 

Type and Allotype — Male and female. Cat. No. 28081, U.S.N.M. 

Paratype — Male, No. 647 in the Canadian National Collection, 
Ottawa. 


31. Rhaphium longipes Loew 

Male, Green; face white; coxae black-green; the four anterior feet 
yellow, the last joints of the tarsi black; the basis of the femora and 
the upper side of the tibiae, with the exception of the tip, brownish- 
yellow, the tip of the tibiae and the tarsi brown ; the exterior appendages 
of the hypopygium linear, bipartite. 

Long. corp. 0.26. Long. al. 0.21. 

Dark green, shining; thorax with two narrow approximated dark 
streaks. Front covered with white dust. Antennae black; the third 
joint lanceolate; the arista a little shorter than the antennae. The 
narrow face white. The lower part of the occiput clothed with dense 
yellowish hair. Abdomen above with black, on the sides with yellowish- 
white hairs. The exterior appendages of the hypopygium dusky yellowish, 
linear, bipartite, and beset with delicate whitish hairs. Fore feet yellow ; 
the last two joints of the tarsi black; the tip of the preceding joint 
black-brown; the fore femora upon the latter part of the upper side, 
blackened; the tip of the first joint of the fore tarsi incrassated, almo.st 
dentiform on the under side. Hind femora black with brownish-yellow 
basis. Hind tibiae and hind tarsi comparatively stout; the tibiae black, 
on the upper side, with the exception of the tip, brownish-yellow or 
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yellow, the tip brown; the tarsi brown, their tips black. All the feet 
longer than in most of the other species of Porphyrops, All the coxae 
greenish-black with a pale pubescence; the middle ones, at their tips, 
with black, approximated bristles, fonning a tuft, not unlike a thorn. 
Tegulae yellowish, with whitish cilia. Wings tinged with brownish-grey 
and with blackish-brown veins; the end of the third longitudinal vein 
gently curved downwards; the last segment of the fourth longitudinal 
vein inflected. 

Hab. White Mountains, New Hampshire. (Osten-Sacken). (Trans- 
lation of original description). 

There is a single 9 from Barber Dam, N.B., June 25, (F. M. 
McKenzie) in the Canadian National Collection, which is evidently this 
species. The third antennal joint is almost three times as long as wide, 
the arista scarcely longer than the antennae and the posterior femora 
black on almost the apical third. 

Type in Mus. Comp. Zool., Cambridge, Mass. 

32. Rhaphium signifer O.S. 

(Figs. 48, 49). 

Length, 4.5 to 5 mm. Arista tipped with a small lamella; legs chiefly 
yellow, the hind tibiae and tarsi black; middle coxae with rather short, 
robust spine. 

Male. Face narrow, somewhat widened above, silvery white. Front 
blue green, thickly silvery white pollinose. Occiput bronzed green, silvery 
greyish pollinose, the moderately thick beard white. Palpi small, black, 
silvery pollinose. Third antennal joint about as long as the face, fairly 
wide, tapering, the arista situated slightly above the tip, about as long 
as the joint and ending in a small rectangularly oval lamella. (See fig. 
49) 

Mcsonotuni rather bright, dark green, with tour purplish bronzed 
vittae, the thin pollen greyish. Pleura partly blackish ; moderately greyish 
pollinose. Propleural pile white. 

Coxae often chiefly reddish yellow, the front ones more or less brown 
basally, the posterior four brown on the outer surface and outer anterior 
border for more than half their length in most cases; all white pilose; 
middle coxae with a stout, rather short, loosely assembled spine of black 
hairs, the hind ones with a few short, fine hairs on the outer side and 
one long, fine yellow bristle beyond the middle. Legs yellow, the hind 
femora rather brownish above on the apical half and narrowly at the 
apex except below, their tibiae and tarsi wholly black; last three joints 
of the anterior four tarsi brown, the apices of the two preceding joints 



142 


Transactions of the Royal Canadian Institute 


similar. Anterior basitarsi thickened on apical fourth. Considerable 
long white pile on anterior four femora. 

Wings rather strongly cinereous, the cross-vein oblique. Squamae 
and halteres yellow, the former with fine white cilia. 

Abdomen rather bright green on the sides, the disc chiefly bronzed 
as there is a large basal triangle of this colour on each segment and the 
last segment is wholly so, the thin greyish pollen limited to the lighter 
areas. Hair black, on the sides and venter yellowish tinged. Genitalia 
(fig. 48) black, the small outer lamellae brown and with brown hair. 
Inner lamellae with yellow apex. 

Female, Face moderately wide, both the upper and lower sections 
longer than wide, palpi moderately large, with silvery margin, argenteous 
yellow pollen and black hairs. Third antennal joint cordate oval, the 
arista chstinctly above the tip, not quite as long as face and palpi, 
usually slightly widened before its tip. 

Legs coloured as in male, but posterior femora only a little blackened. 
Anterior coxae with one or two black bristles towards the apex on the 
outer side; middle coxae chiefly stout black haired. Anterior basitarsi 
simple. Middle femora with one anterior and posterior preapical bristle, 
the others devoid of them. 

Described from 25 males and 10 females, Orillia, Ont., July. 

The male is very readily recognized by the lamellate arista and the 
female, when the tip of the arista is thickened, offers no difficulty. 

I found this species to be rather common in swampy areas where 
there was a moderate amount of low herbage. It seems to prefer woods 
to the open places frequented by most of the species. 

Type in Museum of Comparative Zoology, Cambridge, Mass. 

Specimens of both sexes are deposited in the United States National 
Museum. 


33. Rhaphium effilatum Wheeler 
(Figs. 50. 51). 

Length, 4 to 4.5 mm. Coxae without spines; genital lamella not 
branched, elongate; face and beard white; anterior femora chiefly, the 
hind ones on about the apical half, and their tibiae except on the basal 
third dorsally, black. 

Male, Face narrow, slightly widened above, silvery white. Front 
metallic green, more or less bronzed, moderately covered with greyish 
pollen. Occiput blue-green, more or less bronzed above, the pollen 
greyish; beard white. Palpi brown with reddish apices, the pollen 
appearing silvery from some views, the pile silvery white, long, fairly 
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abundant, directed downwards. Third antennal joint hardly as long as 
the front, elongate triangular, the terminal slender arista as long as the 
face. (See fig. 51) 

Mesonotum rather blue green, with more or less brassy or bronTie 
reflections, rather thickly greyish brown pollinose, the usual two bronze- 
brownish vittae distinct. Pleura, thickly whitish grey pollinose. Pro- 
pleural pile white. 

Coxae black, with green reflections, rather thickly grey pollinose, the 
apical third or fourth of the front and broad apices of the middle coxae 
reddish yellow; pile white, abundant, rather long on the front pair, not 
arranged in a single row on the outer surface of the hind ones. Anterior 
trochanters, base and apex of the front femora, basal half of the hind 
ones, the anterior tibiae, middle legs and front four basitarsi, yellow; 
posterior trochanters, apical half, (more or less) of the hind femora, 
their tibiae and tarsi, black, the hind tibiae rather yellowish white on the 
basal third of the dorsal surface. Anterior basitarsi simple, but with a 
row of tiny bristles on antero-ventral surface, the middle basitarsi with 
three small, increasingly shorter bristles on basal half of under surface. 
Anterior and middle femora with white pile behind, the former with 
one posterior, the latter with anterior and posterior preapical bristle, 
the hind femora with a strong anterior one. Anterior four tarsi 
brownish from tip of first joint. 

Wings tinged with cinereous, the cross-vein oblique. Squamae and 
halteres yellow, the former with w'hite cilia. 

Abdomen grey green, the incisures bronzed, the apical segment 
chiefly of this colour, or the bronzed markings even more extensive, the 
paler portions greyish pollinose. Hairs black, the lateral and ventral 
pile yellowish white, (jcnitalia black (fig. 50), the lamellae brownish, 
with delicate brownish hairs, the inner lamellae black, with a few short 
black, bristly hairs on outer surface. 

Female. Face of moderate width, argenteous, both upper and lower 
portions very slightly longer than wide or rarely almost equal, front 
bright bronze in most lights, thinly greyish pollinose. Palpi large, 
blackish, their tip reddish, pollen yellowish grey, hairs black. Third 
antennal joint one and one fourth as long as wide, obliquely sub-cordate; 
arista longer than the face. 

Mesonotum usually more bronzed. Coxae as in male. Legs reddish 
yellow or reddish, the anterior femora usually greenish except base and 
apex, but sometimes the upper and lower edges and rarely nearly the 
whole front surface is reddish or but little darkened, the posterior femora 
with the apical third and their tarsi wholly, black; anterior tarsi as in 
male, the tese of the second joint more or less reddish. Bristles on 
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femora as in male. Abdomen usually chiefly bronzed, with paler base 
and sides. 

Re-described from more than a hundred specimens from Nova Scotia, 
New York, Quebec, Ontario, Manitoba, Alberta and British Columbia. 

This is the most widely distributed and commonest species found in 
North America. It ranges well north in Canada and at least covers 
the northern half of the United States and extends into Colorado. It is 
not at all rare in Kansas. 

R. effilatum may be found almost everywhere where there are muddy 
patches along streams or ponds and even on small muddy areas in 
swamps. It is one of the earliest species in spring, and there is appar- 
ently a second generation in August, as it is again common during that 
month, although not much in evidence in July. 

Type in American Museum of Natural History, New York. 


34. Rhaphium nigricoxa Loew 
(Fig. 63). 

Female, Metallic-green, front, thorax and scutellum very coppery. 
Face with yellowish-grey dust; the separation between its upper and 
lower part is particularly striking. Palpi comparatively small, black 
with yellowish-grey dust; antennae black; third joint ovate; arista 1-1/2 
the length of the antennae. Front with thin yellowish-grey dust. Cilia 
on the upper orbit black, on the lateral and inferior orbits white. All 
the coxae entirely black, with grey dust and whitish hair; at the end 
of the fore and middle coxae there are no black bristles. Feet yellow, 
apical half of the hind femora black, the last third of the hind tibiae 
and the hind tarsi altogether are of the same colour; middle and fore 
tarsi strongly infuscated from the root and towards the end black. Cilia 
of the yellowish tegulae white. Halteres pale-yellowish. Wings grey, 
on the fore margin more brownish grey; the last segment of the fourth 
longitudinal vein, beyond the middle, gently inflected forward. 

Hah, Maryland. ( Loew ) . 

There is a single specimen in the Canadian National Collection 
donated by Dr. J. M. Aldrich. This was captured at Washington, D.C., 
in July, 1920. There are additional specimens in the United States 
National Museum, but up to the present the has not been recognized. 
R, insolitum n. sp. may eventually prove to be the ^ of nigricoxa, but 
there is no evidence to prove this and it seems advisable to consider 
the two distinct for the present. 

Type in Mus. Comp. Zool., Cambridge, Mass. 
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35. Rhaphium robustum new species 
(Figs. 52, 53). 

Length, 5 mm. Face white; third antennal joint not twice as long 
as wide; beard yellow; anterior four tarsi yellow, the last two joints 
flattened, black, the legs mostly reddish. 

Male. Face narrow, slightly widened above, silvery white; front 
green, the middle bronzed. Occiput bright green, not pollinose; orbital 
cilia black, strong; beard yellow. Palpi black, with silvery pollen and 
white hairs. Antennae black, the third joint sub-triangular, not over 
one and one-half times as long as wide; arista three-fourths as long as 
the face, the penultimate joint swollen, not over one and onc-half times 
as long as wide. (See fig. S3) 

Mesonotum and scutellum bright green, thinly greyish pollinose, 
a vitta between the acrostical and dorsocentral bristles bare. Pleura 
green and blackish, with grey pollen. Propleura with yellowish pile. 

Coxae greenish, grey pollinose, yellowish pilose, the anterior four 
with a row of apical, short black bristles, the hind ones with a bristle 
beyond the middle on the outer side. Trochanters black or brown. 
Anterior femora black, the apical fifth reddish; pile long, yellowish on 
posterior and lower surfaces; several long black hairs behind apically 
and a few in front. Middle femora reddish, the under side green on at 
least the basal half of the ventral surface, where the pile is rather long, 
white; with two anterior and two or three posterior ventral bristles. 
Posterior femora reddish, the apical fourth or less black; with one 
anterior and one posterior prcapical bristle. Tibiae reddish, the 
posterior ones broadly black apically, their bases scarcely darkened. 
Tarsi black, the first three joints of the front four yellow, the last two 
joints of the front four tarsi flattened, the last joint with parallel sides; 
anterior basitarsi scarcely swollen apically, four times as long as the 
second joint, the last joint not quite as long as the two preceding, but 
as long as the second. Middle basitarsi with several isolated short black 
bristles below. 

Wings slightly tinged with brownish; cross-vein slightly oblique. 
Squamae and haltercs yellow, the former yellowish ciliate. 

Abdomen green, grey pollinose, in some views chiefly bronzed, the 
incisures darker. Hair black ; on the sides and venter pale yellowish. 
Genitalia black, shaped as in fig. 52, fringed with short brownish hair. 

Described from two males, collected by Dr. J. M. Aldrich in Idaho. 

Type — Male, Cat. No. 28082, U.S.N.M., from Lewiston, Idaho. 

Paratype — Male, Juliaetta, Ida.; No. 648 in the Canadian National 
Collection, Ottawa. 
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A short, compact species, having the form of /?. nigrociliatum, and 
easily distinguished by the enlarged front four tarsi. 

36. Rhaphium fascipes Meigen 
(Figs. 54, 55, 56). 

Length, 3.5 mm. Face and beard black ; legs black, the anterior four 
tibiae and bases of their tarsi dirty yellowish, the posterior tibiae more 
than half whitish basally; middle coxae with short black spine. 

Male, Face dull black, narrow, a little widened above. Front and 
occiput bronze green, largely obscured by brownish or brownish grey 
pollen. Pile of head wholly black except on upper part of eyes. Palpi 
black, with black hairs, not large. Antennae black ; third joint two-thirds 
as long as face; rather wide and moderately tapering, its apex rather 
obtuse; arista as long as third joint. (See fig. 55). 

Mesonotum bronzy green, covered with senii-ohscuring greyish brown 
pollen; more shining sub-laterally ; pleura darker except on middle part, 
greyish pollinose. Scutellum with four bristles. 

Legs black. Coxae greyish pollinose, black pilose, the hairs fairly 
stout, and not very abundant on the front pair, the posterior ones with 
pale pile and one preapical black bristle on the outer side. Anterior 
four tibiae dirty yellowish, the bases of the first two tarsal joints, more 
or less broadly, similar, the posterior tibiae (fig. 56) yellowish white 
on the basal half or more, especially pale on the dorsal surface. Anterior 
basitarsi not noticeably enlarged apically, the hind one decidedly shorter 
than the second joint. Anterior femora with rather long sparse black 
hairs behind, the middle ones with two preapical anterior and three or 
four posterior bristles, the hind ones with similarly placed conspicuoUwS 
hairs; posterior tibiae slightly swollen on apical half. 

Wings lightly smoky, the cross-vein obliipic. Squamae yellow, with 
fine white cilia; halteres yellow. 

Abdomen bronze green, the apical segment often bluish, the whole 
rather thickly greyish pollinose and appearing blue-green, the hairs 
black; venter and sides of first three segments fine whitish pilose. 
Genitalia black; lamellae (fig. 54) brown, the hairs black. 

Female. Face about one fourth head width, argenteous, upper 
section longer, lower, shorter, than wide; front rather dull brownish. 
Occiput chiefly grey pollinose, beard greyish white; palpi fairly large, 
brownish, with argenteous pollen and black hairs. Third antennal joint 
one and one fourth as long as wide, not large. Arista not as long as 
face and palpi. 
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Mcsonotum often with slight violaceous tinge, and with narrow 
sub-median purplish brown vittae. Propleural and coxal pile greyish 
yellow, the middle coxae on outer side and apex black haired, the hind 
ones with the usual black bristle. 

Femora black, the apices of the front four and basal third or less 
of the hind ones reddish; tibiae and basal half or more of front four 
basitarsi reddish yellow, the posterior tibiae black on apical two-fifths, 
the upper surface on basal portion somewhat whitish. I'emoral bristles 
as in male. Abdomen more shining. 

Described from seven males and three females from Hull, Quebec, 
June 4, 1923, (Curran) ; and 1 , Niagara Falls, N.Y., May 25, 1919, 

(Van Duzec). Reported by Van Duzee from Alaska. 

This European species has been reported from Alaska (Aldrich) 
by Van Duzec, who also collected specimens at Niagara Falls. I found 
it quite commonly along the muddy edges of a stream near Hull, 1923, 
and also took specimens at the Mer Bleuc, near Ottawa, in very similar 
situation. It apparently is an early spring species and probably occurs 
throughout the Canadian and lludsonian zones. There are also three 
females before me from the vicinity of Lawrence, Kansas, which appear 
to offer no differences from typical forms. 

Type probably in Paris Museum. 

37. Rhaphium fumipenne Loew 

Feet with the fore coxae altogether yellow. Long. corp. 0.18. 

'^Female. Bright metallic-green. Face with j)ale yellowish-grey 
dust. Palpi black, with yellowish-grey du.st. Antennae black ; 
the third joint small, rounded-ovate; arista at least three 
times the length of the antennae. Front blue-green, with a 
pale yellowish-gray du.st. Cilia of the upper orbit black, those of the 
lateral and inferior white. Thorax with a thin but rather distinct 
greyish-yellow dust. Fore coxae yellowish with white hair; on their 
tips among the white hairs there arc a few black bristles, not easily 
perceived. Middle and hind coxae blackish with yellowish tip; the 
front side of the middle coxae is clothed with white hair and towards 
the tip with a few black bristles; hind femora blackish-brown at the 
tip; fore and middle tarsi infuscated, blackened towards the end; the 
last third of the hind tibiae and the hind tarsi black. Cilia of the pale- 
yellowish tegulae whitish; halteres pale-yellowish. Wings tinged with 
brownish-grey; the last segment of the fourth longitudinal vein gently 
inflected forward upon its middle. 
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Middle States.*’ (Translation of original description) 

There are two specimens ( cf 9 ) before me, collected by Dr. J. 
M. Aldrich at Lafayette, Indiana. These agree quite well with the 
above description, but I hesitate to redescribc the species from them 
without an examination of the type. The general characters of the c? 
may be gleaned from the table of species. 

Type in Mus. Comp. Zool., Cambridge, Mass. 

38. Rhaphium longipalpis new species 
(Figs. 57, 58, 59, 60). 

Length, 3.5 mm. Differs from all described species in having the 
palpi somewhat crescent-shaped, elongate, silvery on the outer side and 
black on the inner side. The legs arc black except the anterior four 
tibiae. 

Male. Face with almost parallel sides, moderately narrow, silvery 
white; front bare, brilliant blue or violaceous. Occiput deep green, but 
covered with greyish pollen on lower two-thirds. Orbital cilia fine, 
black, not extending to the level of the antennae ; beard abundant, white. 
Proboscis brown; palpi (fig. 60) shining black, silvery on the outer 
surface, elongate, their hair sparse, black. Antennae (fig. 58) black, 
the third joint more brownish, one-fourth longer than the face, tapering 
to a point from the base; arista brown, rather thick, sometimes slightly 
enlarged before the end, but this not always present; arista one fifth 
shorter than the third antennal joint. 

Mesonotum rather blue green, moderately covered with yellowish 
brown pollen; lateral declivities blackish. Pleura dark green with a 
covering of greyish pollen. Propleura white pilose. Scutelluni dark 
green, with four bristles. 

Coxae green, greyish pollinose, white pilose, the middle ones with 
a rather loose white apical spine, the middle and hind ones with a black 
bristle on the outer side at the middle. Legs black, the anterior four 
tibiae yellow, the bases narrowly blackish. Femora with seven long 
hairs apically on postero- ventral surface, the posterior ones with con- 
spicuous black hairs below and longer ones on the antero- ventral surface, 
the middle ones with very fine moderately long white hairs behind. 
Middle femora with a preapical bristle in front and behind, the posterior 
ones with one on the anterior surface only. Hair of legs black. Second 
joint of the anterior tarsi not half as long as the anterior basitarsus 
which is swollen apically. 

Wings strongly tinged with brown. Squamae and halteres yellow, 
the former with white cilia. 
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Abdomen green basally, becoming bronzed on the apical half, the 
incisures blackish; hair black, that on the sides and venter fine, whitish. 
Genitalia (fig. 57) black, the basal segment green, more or less pale 
pollinose ; outer lamellae long, triangularly broadened basally, their hairs 
brown, inner lamellae short, concave apically, the inner point produced, 
the concavity with very conspicuous yellowish hair. 

Female, Face wide, the upper section distinctly wider than long; 
greyish white or white pollinose. Third antennal joint about twice as 
long as wide, acute, the arista not quite as long as the face and palpi, 
its basal section shorter, the whole more slender, but still more robust 
than usual, and there may be an indication of an apical enlargement. 
(See fig. 59). 

Legs coloured as in male, the prcapical bristles similar, the femora 
with wholly black short hairs. Tarsi simple. Abdomen similarly 
coloured. 

Described from two males and two females from Colorado and 
Idaho, collected by J. M. Aldrich. 

Paratypes— (f , Moscow Mt., Idaho, June 4, 1910; 9, Tennessee 
Pass, Colo., July 10; No. 646 in the Canadian National Collection, 
Ottawa. 

Type and Allotype — Male and female. Cat. No. 28083, U.S.N.M., 
from Tennessee Pass, Colo., 10240 ft., July 9. 

39. Rhaphium palpale new species 
(Figs. 60, 61) 

Length, 4 mm. Third antennal joint rather narrow, as long as the 
face, its arista about half as long; coxae mostly and the femora and 
tibiae yellow, the hind tibiae darkened at apex ; palpi large, pale yellow, 
three times as long as wide, the apex rounded. 

Male. Face narrow, silvery white, slightly widened above; front 
bare, shining green; occiput green, greyish pollinose below, the beard 
not abundant, of moderate length, white. Palpi elongate, pale yellow, 
about three times as long as wide, their apices rounded, silvery white 
pollinose, with only a few delicate whitish hairs; proboscis black. 
Antennae (fig. 62) black; third antennal joint as long as face, slightly 
tapering, practically bare, the second joint broader than long, not over 
one-third the length of the first; arista moderately stout, about half as 
long as the third joint. 

Mesonotum dark green; thinly brownish yellow pollinose. Pleura 
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dark green, thinly greyish pollinose; propleural pile whitish. Scutelluin 
with only two bristles. 

Coxae yellow, the posterior four brownish on the basal half or less 
exteriorly; anterior four with longish whitish hair, the hind ones with 
three or four yellowish bristles on the outer surface; all thinly whitish 
pollinose; no coxal spines. Legs yellow; posterior legs black from the 
apex of the tibiae, the base of their basitarsi reddish, middle tarsi black 
from tip of first joint, the last two or three joints of the front tarsi 
darkened. Legs simple, front basitarsi not enlarged apically, as long as 
the remaining joints combined. 

Wings tinged with brown, especially so on the front half. Squamae 
and halteres pale yellow, the former with white cilia. 

Abdomen bright dark green, the incisures increasingly more widely 
blackish or blackish blue apically, the last segment all of this colour, the 
sides of each segment with a large white pollinose spot posteriorly. Hairs 
black, the first three segments with yellowish pile laterally. Genitalia 
black, lamellae small, {fig. 61) their base yellowish, their apices black, 
clothed with sparse black hairs. 

Type — Male, Cat. No. 28084, U.S.N.M., from Woodbury, N.J., May 
14, (C. W. Johnson). 

Paratype, Lahaway, Ocean Co., N.J., in M. C. Van Duzee Col- 
lection. 


40. Rhaphium folia turn new .species 

Length, 5 mm. Allied to insolitum but the hair of the palpi is very 
much longer, middle femora with broad preapical blackish band, etc. 

Male. Face moderately narrow (slightly widened above and below?), 
silvery white; front green, very slightly whitish pollinose. Occiput 
blackish above, whitish pollinose below; eyes emarginate behind; beard 
abundant, long, white. Palpi brownish, densely clothed with long, silvery 
white downwardly directed pile, the hairs of which are almost twice 
as long as the palpi. Antennae black; third joint four-fifths as long as 
the face, moderately tapering, the arista scarcely as long as third joint, 
the penultimate section apparently two-thirds as long as the ultimate, 
but the joint is obscure. 

Thorax blue green, the mesonotum with thin brownish pollen which 
leaves broad, scarcely evident, almost bare stripes. Pleura whitish 
pollinose. Propleural pile white. 

Coxae brown, the anterior pair greenish, grey pollinose; pile and 
bristles whitish, the middle pair with a loose apical black thorn. 
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Trochanters brown. Femora: anterior pair blackish with green 
reflections, the apex reddish yellow ; middle pair yellow with broad pre- 
apical brown band; posterior pair yellow on basal three-fifths, brownish 
black on apex ; tibiae yellowish, the posterior pair black on apical fourth ; 
tarsi blackish, the basal joint of the front four yellowish except the 
apex. Anterior femora with long whitish hair behind and below, the 
middle pair with similar hair behind and below on basal three- fourths, 
the legs elsewhere with shorter black hair, the posterior pair with short 
black cilia on antero-ventral edge. Middle femora with three or four 
preapical bristles in front and behind near lower edge. Anterior basi- 
tarsi but slightly widened apically, longer than the remaining joints. 
Middle tarsi elongate, the second to fourth joints somewhat laterally 
compressed and much higher than thick. 

Wings lightly infuscated on apical three-fifths, more strongly so in 
front; large cross- vein strongly oblique. Squamae and haltercs yellow, 
the former white ciliate. 

Abdomen bluish green, the bases of the segments broadly bronze- 
black, the apical two segments wholly blackish; green portions whitish 
pollinose; hair black, on the sides and venter white. Genitalia brown; 
the outer lamellae long, tapering, the leaf-like appendages probably 
shaped as in insolitum but only half of one of them remains; inner 
lamellae rather stout ; appendages brownish except the adventitious inner 
lamellae, which are yellowish and almost as long as the inner lamellae; 
hairs all black. 

Described from a single ^ , Sugar Grove, Ohio, May 19. 

Type in collection of Mr. M. C. Van Duzee. 

41. Rhaphium insolitum new species 
(Figs. 64, 65) 

Length, 4.S to 5 mm. Third antennal joint as long as the face, the 
arista three-fourths as long as the joint; all the coxae blackish, front 
femora except each end, apex of hind femora and their tibiae and coxae 
wholly, black, the genital lamellae large, broad, elongate leaf-like, their 
edges regular. 

Male. Face narrow, silvery white, slightly widened above. Front 
shining watery green, longer than wide. Occiput green, greyish pollinose 
on lower two-thirds, the beard white. Palpi small, black in ground 
color, silvery white pollinose, their hair abundant, rather long, fine, 
white. Antennae (fig. 65) black; third joint tapering to a rounded 
point, slightly longer than the face; arista three-fourths as long as the 
third joint. 

Mesonotum dark green or blackish green, not pollinose; pleura 



162 


Transactions of the Royal Canadun Institute 


blackish green, moderately grey polHnose; propleural pile whitish. 
Scutellum with four bristles, the basal ones half as long as the others. 

Coxae greenish black, greyish pollinose, the front ones with abundant 
long yellowish tinged hair, the middle ones with similar hair, a black 
bristle on the outer edge apically and several small apical bristles which 
are largely concealed by the white hair as they are much shorter; the 
hind ones have a strong black bristle above the middle and several longish 
yellowish hairs. Front femora blackish with the base and apex broadly 
reddish yellow, the posterior four, front four tibiae and base of the tarsi 
reddish yellow; hind femora with the apical fourth and remainder of 
the hind legs black; front four tarsi blackened almost from the base. 
Anterior basitarsi slightly gradually widened apically, as long as the 
remaining joints. Anterior femora with long pale pile behind which 
appears to form cilia on the posterior edge below; middle femora with 
a complete row of long pale cilia on postcro-ventral edge ; anterior femora 
with one posterior, the middle with two anterior and posterior, the hind 
with two anterior and one posterior preapical bristle. 

Wings strongly tinged with brownish. Squamae and halteres yellow, 
the former with long whitish cilia. 

Abdomen dark green, the incisures and apical segment steel blue or 
bronzed, the sides rather densely white pollinose. Abdomen basally on 
the sides and the venter whitish pilose, the hairs black. Genitalia black, 
the lamellae dirty yellowish, with black hairs. (Fig. 64). 

Type — Male, Cat. No. 28085, from Florida (Mrs. A. T. Slosson). 

Paratypes — North Carolina, No. 1357, in the Canadian National 
Collection, Ottawa; Bladenburg, Md., May 10, 1917, in M. C. Van 
Duzee’s collection. 

This may prove to be the ^ of R, nigricoxa Loew but it seems unlikely 
that this is the case. I had at first considered it to be .so, but I feci sure 
that the ^ of that .species has shorter antennae than is the case here. 

42. Rhaphium mclampus Loew 
(Figs. 66, 67). 

Length, 4.5 mm. Legs wholly black except just the knees in both 
sexes; face and beard white. Genitalia moderately large, the outer 
black lamellae very small, the inner large, stout and reddish. Third 
antennal joint longer than face in male, the arista shorter than third 
joint. 

Male. Face narrow, silvery white, slightly widened above. Front 
bright blue, with thin white pollen. Occiput green, with whitish pollen 
and short white beard. Palpi smallish, black, with silvery white pollen. 
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Antennae black; third joint as long as face and palpi» rather broad, 
moderately tapering, the arista situated on the upper, oblique apex; 
about three-fourths as long as the face or three-fifths as long as third 
joint. (See fig. 67). 

Mesonotum dark green, with more or less confluent sub-dorsal bronzy 
brown narrow to wide vittae, and thin whitish grey pollen. Pleura more 
bluish green, with moderately abundant whitish grey pollen. Propleural 
and coxal pile whitish. 

Legs black, knees narrowly reddish; anterior four femora white 
pollinose behind; anterior basitarsi gradually broadened from the middle, 
acute below at the oblique apex, laterally compressed, the following joints 
successively shorter and, together, but little longer than the first. Pile 
on front coxae dense, moderately long; on middle ones not abundant, 
more yellowish apically where it is condensed but does not form a spine ; 
a row of hairs on outer side of hind coxae, the median hairs longest, 
all yellowish. 

Wings strongly cinereous with the basal third paler, the cross- vein 
oblique. Squamae yellowish with fine white cilia. Halteres yellow. 

Abdomen bluish green, the segmental bases increasingly more widely 
bronze-black, the last segment almost wholly so; hairs black, pile of 
venter and sides yellowish. Genitalia large, black, (fig. 66), the brown 
outer lamellae thickly short black haired ; the inner lamellae stout, 
reddish, with a few pale hairs. 

Female. Face silvery white, the upper and lower sections each 
slightly longer than wide ; palpi large, black, densely argenteous pollinose ; 
black-haired. Third antennal joint somewhat longer than wide, cordate, 
the arista as long as face and palpi. 

Median portion of mesonotum more thickly pollinose, the dark vittae 
narrower. Bristle on hind coxae black. Anterior and posterior femora 
without preapical bristles, the middle ones normally with one anterior 
and one or two posterior lower ones. Wings still darker. Abdomen 
green or bronze green with apical one or two segments blue. 

Description from four males and five females from Hull, Que., July 
5, 1923, (Curran) ; and Icf* » Trenton, Ont., July 18. 1918, (Van Duzee). 
Also recorded from New Jersey and “Atlantic States” (Aid. Cat.). 

The females of this species were found mostly along a stream where 
the grass was long, the males chiefly along the muddy banks where they 
were not rare. It is one of the most readily recognized species, in both 
sexes. Probably occurs in suitable situations in Northeastern States and 
Canada, July to August. During 1924 many additional specimens w^ere 
taken in a swamp at Aylmer, Quebec, in May and June. 

Type in Mus. Comp. Zool., Cambridge, Mass. 
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43. Rhapkium montanum Van Duzee 

A small blackish species with blackish wings and black feet. 

Male. Length, 3.3 mm. Face narrow, silvery white. Front violet 
with two spots of white pollen which form a transverse band near its 
middle. Antennae black ; third joint of the usual acute triangular shape, 
not quite as long as the eye height; the apical arista about two-thirds 
as long as third joint. Lateral and inferior orbital cilia white, a few 
of the upper cilia black. 

Thorax dark green, not very shining; pleurae dulled with whitish 
pollen. Abdomen bronze or coppery-brown with a little blue or greenish 
on the centre of the dorsum of the first and second segments, and 
rather long white hair on the sides of the first three segments. 
Hypopygium black, extending about one-half its length below the 
abdomen, its lamellae black, slender, rather wide at base but abruptly 
narrowing and tapering to a slender point, not quite as long as the third 
antennal joint, fringed with delicate pale hairs on both edges and with 
two long black hairs at tip; inner appendages small, black with a point 
at tip and a tuft of black hair near the base. Legs and feet black; fore 
and middle tibiae a little yellowish on upper surface of apical two-thirds ; 
fore coxae with long white hair on their anterior surface; fore basi- 
tarsi widened a little at tip into a small spur, making it a little concave 
below, a little shorter than the remaining four joints taken together, 
fourth joint very short. Calypters, their cilia, and the halteres yellow. 

Wings strongly tinged with blackish; third and fourth veins bent so 
as to approach each other beyond the cross-vein, still nearly parallel at 
their tips. 

Female. Colour and wings as in the male. Face wide with white 
pollen, through which the green ground colour can be seen ; third antennal 
joint short, a little longer than wide, triangular; the apical arista longer 
than the antennae. Front violet, narrowly blue or green just above the 
antennae and along the orbits; fore coxae with shorter hair than in the 
male; fore basitarsi not concave below, their tips not widened. 

This species is very much like P. mufidus Loew, but it is smaller and 
the female is more wholly black, the male has the lamellae long and 
slender, while in mundus they are small and rounded; the inner 
appendages are small in this species and altogether black, while in mundus 
they arc long and yellowish; the third antennal joint is shorter in this 
than in mundus. (Original description). 

Originally described from California and not since recorded. 

Type in California Academy of Science, San Francisco. 
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44. Rhaphium shannoni new species 
(Figs. 68, 69). 

length about 3 mm. Face silvery white, beard white; femora and 
hind legs black; genital lamellae long, unbranched; third antennal joint 
about three times as long as wide, the arista almost as long as the 
antenna. 

Male. Face narrow, silvery white, slightly widened above. Front 
blackish green. Occiput green, thinly greyish pollinose; beard white; 
orbital cilia black. Palpi brown, rather whitish pollinose, their hair 
black. Third antennal joint about three times as long as wide, slightly 
tapering, the arista as long as the antenna, slender, the basal section 
thickened, twice as long as wide. (See fig. 69). 

Mesonotum dark green, the broad middle portion sometimes bronzed ; 
thinly brownish pollinose. Pleura green, greyish pollinose. Prothorax 
white pilose. 

Coxae green or blackish, with yellow apices, greyish white pollinose, 
the hair long, white; no black hairs or bristles. Trochanters pale brown, 
femora black or brown, their bases sometimes very narrowly yellow, their 
apices and the four anterior tibiae and tarsi yellow, posterior tibiae and 
tarsi brown; last two joints of front four tarsi black. Anterior femora 
with fairly long pale hair behind and below, the middle ones almost bare ; 
middle and hind femora each with an anterior and posterior preapical 
black bristle. Anterior basitarsus somewhat enlarged apically, two and 
a half times as long as the second joint ; middle basitarsus with a small 
black ventral basal spine. 

Wings tinged with brownish, darker in front, the cross-vein slightly 
oblique. Squamae and halteres yellow, the former with white cilia. 

Abdomen dark green, thinly greyish pollinose, its hair black, the 
sides and venter with white hair; the incisures darker. Genitalia (fig. 
68) black, the outer lamellae long, brownish yellow with brown hair, the 
inner lamellae slender, reddish. 

Described from six males; Plummer’s Island, Maryland, April 28, 
1914, Dead Run, Fairfax Co., Virginia, April 19, 1914, (R. C. Shannon) ; 
Riverton, N.J. ; Swarthmore, Pa., and Beverley, Mass. ; Castle Rock, Pa. 

Type — Male, Cat. No. 28086, U.S.N.M., from Plummer’s Id. 

Paratype — Dead Run, Virginia; No. 669 in the Canadian National 
Collection, Ottawa. 

This is a very distinct species and it has a much longer arista than 
is found in any species which can be referred to Rhaphium in the strict 
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sense, although it could not well be placed in either of the other sub* 
genera. The species forms a perfect link between Rhaphium and 
Porphyrops. 


45. Rhaphium atkinsoni new species 
(Figs. 70, 71, 72) 

Length, 3.5 to 4 mm. Related to femoratum V.D. but the middle 
femora are black. Arista shorter than the long third antennal joint; 
front dark violet. 

Male. Face moderately wide, a little narrowed below, argenteous. 
Front shining dark violet. Occiput dark green, greyish pollinose, the 
rather sparse beard white. Palpi black, elongate-triangular, argenteous 
pollinose, their hairs very short, black. Antennae (fig. 71) black; third 
joint a little longer than head-height, broad, tapering, the arista shorter 
than width of third joint, robust, its pubescence appressed. 

Thorax dark green; mesonotum thinly brown pollinose; pleura grey 
pollinose. Proplcural pile white. 

Coxae greenish black; grey pollinose, the narrow apices reddish; 
their pile white; front coxae without any black bristles, the middle pair 
with two or three long black bristles on the anterior outer edge, else- 
where with appressed sparse black hairs and a small white apical thorn ; 
posterior coxae with a strong black bristle on middle of outer surface 
and fine white hairs. Trochanters, base of middle femora, basal three- 
fifths of hind femora, anterior four tibiae and basal joint of their tarsi 
except at apex, reddish yellow, narrow apices of the anterior four 
femora also reddish, the legs elsewhere black. Front and posterior femora 
each with a single preapical bristle behind, the middle femora with two, 
the posterior four femora also with an anterior preapical. Anterior 
tarsi with stout, short black spinules on upper posterior surface between 
base of first and apex of the third joint, the first joint gently curved, 
slightly thickened apically and as long as the following three joints. 

Wings lightly cinereous; and large cross-vein very slightly oblique, 
not half as long as last section of fifth vein. Halteres and squamae 
yellow, the former white ciliate. 

Abdomen bronzed, the sides on basal half or more green with greyish 
pollen; venter black, grey pollinose. Hair of abdomen black, on the 
sides basally and the venter, whitish. Genitalia (fig, 70) blackish, the 
lamellae brown, with black hairs. 

Female. Face wide, the upper section slightly wider than long; 
whole face densely luteous grey pollinose; palpi and proboscis with 
greyish brown pollen, the former large, with black bristly hairs. Beard 
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thinner and yellowish tinged. Third antennal joint short, triangular, 
one and one-half as long as wide, arista as long as face and palpi. (See 
fig. 72) 

Posterior tibiae reddish yellow on basal three-fourths; anterior basi- 
tarsi with a row of tiny black spinules below, middle femora with a 
single posterior preapical bristle. Wings with slight luteous tinge. 

Abdomen greenish laterally on whole length, without pale pile on the 
sides. 

Described from 6 , 4 9 , Saskatoon, Sask., June 5, 1923, (N. J, 

Atkinson). 

Type and Allotype — No. 1353 in the Canadian National Collection, 
Ottawa. 

Paratypes — Male and female. Cat. No. 28087, U.S.N.M. 

46. Rhaphium temerarium Becker 
(Figs. 73, 74, 75). 

Length, 3 to 3.5 mm. Antennae four times as long as wide; face 
white; femora black, posterior legs wholly so. 

Male, Face narrow, slightly widened to the antennae, silvery white. 
Front purplish, more or less brownish pollinose below. Occiput green, 
thinly whitish pollinose ; orbital cilia black ; beard white. Palpi blackish, 
silvery white pollinose, with a few short black hairs. Antennae (fig. 74) 
black, the third joint four times as long as wide, tapering but not acute, 
the arista not over one and one-half times as long as the width of the 
third joint; its basal section about one and one-half times as long as 
wide, swollen. 

.Mesonotum green, the area between the dorso-centrals more or less 
purplish-brown or bronzed, but quite variable; thinly brownish or 
brownish grey pollinose. Pleura blackish, the middle green, greyish 
pollinose. Propleura white pilose. 

Coxae green, with narrow yellow apices, their pile white or yellowish 
white, covered with greyish pollen. Middle coxae with three to five 
black bristly hairs on the outer margin of distal half, and a fairly long 
creamy-white thorn; po.sterior coxae with a long fine bristle on the 
outer surface beyond the middle. Trochanters yellow. Femora black, 
the base of each and the apex of the anterior four, yellow, or the anterior 
four may not have their bases yellow; anterior femora with only a few 
long pale hairs posteriorly at the base, the hair elsewhere black and short, 
except that there arc a few conspicuous ones on the apex of the anterior 
femora postero-ventrally, but there is no distinct preapical bristle ; middle 
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feniora with one anterior, one posterior, the hind ones with one anterior 
preapical bristle. Posterior tibiae and tarsi black, the anterior four 
tibiae and basitarsi, except the tip, yellow; other tarsal joints brown. 
Anterior basitarsus gradually widened to the apex, twice as long as the 
following joint. 

Wings tinged with brownish, the cross-vein slightly arcuate outwardly. 
Squamae and halteres yellow, the former with whitish fringe. 

Abdomen dark green, largely bronzed, scarcely greyish pollinose, 
the hairs black, the sides and venter with dull yellowish pile. Genitalia 
as in fig. 73, the appendages brown, the outer with yellowish brown, the 
inner with dull yellowish hair. 

Female, Face wide, the lower section greenish in ground colour, the 
upper section distinctly wider than high ; wholly densely greyish pollinose. 
Front purple. Occiput and lower part of head grey pollinose. Palpi 
large, black, grey pollinose, with black hair. Third antennal joint 
triang^ilar, less than one and one-half times as long as wide, the arista 
two nad one-half times as long, the basal section twice as long as wide. 
(See fig. 75) 

Mesonotum darker, more thickly and evenly brown pollinose. 
Anterior coxae with two or three strong black hairs apically; middle 
coxae with the hairs on nearly the apical half strong, black, and two or 
three fine bristles on the outer margin. Femora coloured as in male, but 
the hind ones with the apical fifth or more, (on the under surface one- 
third) yellow, the preapical bristles as in the male. Posterior tibiae 
reddish, the apical fourth black, the base ferruginous or brownish. 
Anterior four tibiae yellow, their tarsi paler, the first two joints reddish, 
with brownish apices, the remainder brownish, often with paler bases. 
Wings usually strongly tinged with brown. 

Re-described from type ^ and 19 males and 15 females collected by 
Dr. J. M. Aldrich, Tennessee Pass and Marshall’s Pass, Colorado, in 
July. 

Type in Vienna Museum. 

47. Rhaphium triangulatutn Van Duzee 
(Fig. 76). 

liaU. Length, 2 mm. Face very narrow, in the type the eyes seem 
to touch in the middle of the face; below, it has silvery white pollen. 
Front blackish. Antennae black; third joint as long as the head-height, 
about as wide at base as the width of the front and tapering a little 
towards the top; arista thick, not much longer than the width of the 
third joint at base. Lateral and inferior orbital cilia white. 
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Thorax shining green ; pleura dulled with white pollen. 

Abdomen green with bronze reflections. Hypopygium black with 
rather long black hair; the outer lamellae (fig. 76) yellowish, with upper 
edge black and fringed with pale hairs; they are triangular with a stem 
at base ; inner appendages very small. 

Fore coxae pale yellow, a little blackened at base, their anterior 
surface covered with long white hair; I cannot see any black bristles or 
hairs at tip. Middle and hind coxae black, narrowly yellow at tip, the 
former with three black bristles near the tip on outer surface, the latter 
with one black spine at tip. Femora yellow, the hind ones a very little 
blackened above at tip and with one preapical bristle. Middle femora 
with two preapical bristles, one on each side, and ciliate below with 
long yellow hairs on posterior edge, which are longer than femoral width. 
Fore and middle tibiae yellow, each with several bristles on upper sur- 
face; hind tibiae brownish yellow. Fore tarsi about as long as their 
tibiae, black from the tip of the first joint, which is not quite as long 
as the remaining four joints taken together. Middle tarsi a little longer 
than their tibiae, infuscated from the tip of the first joint, the base of 
the joints still paler, their tips blackish. Hind tarsi brown, their first 
joint a little shorter than the second. Calypters, their cilia and the 
halteres, yellow. 

Wings greyish; beyond the cross-vein the third and fourth veins arc 
a little arched so as to separate and then approach each other, still they 
are nearly parallel towards the tips, the fourth ending in the apex of 
the wing; last section of the fifth vein more than four times as long as 
the cros.s-vein ; sixth vein nearly parallel with the margin of the wing, 
the wing being narrowed at base. 

Described from one male taken at Oak Creek Canyon, Arizona, in 
August, at 6,000 ft. elevation, by F. H. Snow. Type in the author’s 
collection. (Original description) 

48, Rhaphium femoratum Van Duzee 
(Figs. 77, 78) 

Male. Length, 2.8 to 3 mm. Face narrow, of nearly equal width, 
silvery white. Palpi black, their tips with white pollen like the face. 
Front violet. Antennae (Fig. 78) black; third joint fully as long as 
the height of the head, rather broad at base, gradually tapering; arista 
as long as the width of the front at vertex. Upper orbital cilia black, 
the white beard long and abundant. 

Thorax and scutellum dark shining green with just the suggestion 
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of a broad median vitta of blackish or violet; pleura with thin grayish 
white pollen. 

Abdomen metallic green» more blue on the sides, sometimes almost 
wholly coppery, with conspicuous white hairs on the sides and venter. 
Hypopygium (fig. 77) black with stiff black hairs; the outer lamellae 
lanceolate, black, more or less yellow at base, fringed with rather long 
pale hairs, some of which appear nearly black; inner appendages small, 
black, somewhat shovel-shaped, rather obliquely truncate at tip, with a 
pale stout bristle at the acute apical comer and a few stiff hairs back 
of this spine. 

Fore coxae black with about apical half yellow, their anterior surface 
covered with long white hairs; middle and hind coxae black with narrow 
yellow tips, the fomier with two long black bristles on outer surface 
and with a few long yellowish bristles at tip, which do not seem to 
form a spine as they usually do in this genus ; hind coxae with one large 
black bristle and a few minute white hairs on outer surface. Fore 
femora black with extreme base and tip yellow; middle femora wholly 
yellow, with three preapical bristles, one in front and two on posterior 
side; hind femora yellow with apical half or two-fifths black, this black 
extends nearly to basal third on upper edge; they have one preapical 
bristle; all femora with short black hairs, no longer ones below. Fore 
and middle tibiae wholly yellow, each with several bristles above; hind 
tibiae wholly black. Fore and middle tarsi about as long as their tibiae, 
infuscated from the tip of the first joint, which is nearly as long as the 
remaining four taken together; hind tarsi scarcely as long as their tibiae, 
wholly black, slightly compressed, with the first and second joints of 
nearly equal length. Calypters and halteres pale yellow, the former 
with whitish cilia. 

Wings greyish ; third and fourth veins approaching each other a little 
and then parallel for a short distance at tip, the fourth ending in the 
apex of the wing; last section of fifth vein three times as long as the 
cross-vein and reaching the wing margin; sixth vein very close to the 
wing margin and nearly parallel with it, the wing being much narrowed 
at base. 

Female, Face wide, green, thickly covered with grey pollen, divided 
near its middle by a suture, below which the ground colour shows through 
a little; palpi large, black with grey pollen and black hairs; proboscis 
black; front violet edged with blue; antennae black, third joint elongate 
triangular, nearly twice as long as wide, arista thick, apical; a little 
longer than the antennae, its first jeant short ; the white beard very thin. 
Body colour about as in the male ; coxae, fore and middle femora, their 
tibiae and tarsi about as in the male, except that the fore coxae are 
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mostly blackish and all coxae have shorter white hair. Hind femora 
yellow with apical fifth black; hind tibiae yellow with about apical third 
black; otherwise about as in the male. 

Described from nine males and six females which I took at Wells, 
Nevada, June 6 , 1915; several males and females taken by J. S. Hine, 
at Kodiak, Alaska, in June, 1917, and fifteen males and seven females 
taken by J. M. Aldrich, in Alaska in 1921 ; eight taken at Skagway, June 
4; ten at Anchorage, June 10 to 13; three at Fairbanks, July 1, and one 
at Healy, June 21. 

The holotype and allotype were taken at Wells, Nevada, and are in 
the author's collection. (Original description) 

The only specimens I have seen, other than three paratypes in the 
Canadian National Collection, are five 9 , Alberta, June to August. 

Paratypes — Males and females, Cat. No. 26535, U.S.N.M., from 
Fairbanks, Anchorage, and Skagway, Alaska. 

49. Rhaphium pollex Van Duzee 
(Fig. 79). 

This form differs from the above described male, femoratum, in the 
inner appendages of the hypopygium (fig. 79), having a thumb-like 
projection on their lower edge near the middle; the fore coxae also 
seem to be less yellow at tip. The third antennal joint of what seems 
to be the female is slightly shorter than that of the female described 
above. 

Described from two males and five females which I took at Wells, 
Nevada, June 6 , 1915; one male taken by Mr. Cole at Hood River. 
Oregon, June 21, 1917; several specimens taken by Prof. James S. 
Hine, at Kodiak, Alaska, in June, 1917, and one male taken by J. M. 
Aldrich, at Skagway, Alaska, June 4, 1921. 

Holotype and allotype in the author’s collection and taken at Wells. 
Nevada. 

The male of femoratum differs from that of xipheres Wheeler in 
having the inner appendages of the hypopygium more shovel-shaped, not 
at all club-shaped, and in having the hind femora much more blackened 
at tip. Wheeler’s species is from the East, these forms from the West. 
(Van Duzee). 

I feel certain that the females included with the above ma^es all 
belong to femoratum. The males of the two species are very sim^^ar in 
general appearance, but the front coxae are almost all green in mature 
specimens and the third antennal joint is a little larger. Females taken 
by Dr. Aldrich together with males at Juliaetta, Ida., are very distinct 
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from those of femaratum, having the third antennal joint twice as long 
as in that species and the arista hardly as long as the apical two antennal 
joints. 

Paratype—Mz\t, Cat. No. 28093, U.S.N.M. 

50. Rhaphium xipheres Wheeler 
(Fig. 80). 

The following is a copy of Prof. Wheeler's description; I have not 
seen any specimen of this form. 

Male. Length, 3.5 mm.; of wing, 3 mm. Palpi small, dusted with 
white. Face broad for a male, covered with silvery white dust. Antennae 
(fig. 80) black; first and second joints short, third joint flattened, as 
long as the thorax, slowly tapering to the tip and covered with short 
and almost imperceptible pile; arista tenninal, very short pubescent, its 
basal segment somewhat thickened. Front black, rather opaque. 
Postocular cilia abundant, snow white. Thorax and scutellum blackish 
metallic green, the latter with bluish reflections. Abdomen dark metallic 
cupreous green; edges of the segments black; basal segments bearing 
long pale hairs on their sides. Hypopygium shining black, with pro- 
truding appendages; lamellae triangular, tapering, covered with erect 
hairs, black, each with a small white spot at its base ; internal appendages 
club-shaped. Pleura thickly covered with gray dust, except above the 
base of the middle coxae where the metallic green ground-colour is 
exposed. Coxae concolorous with the pleura, only their extreme tips 
yellow; anterior surfaces of fore coxae clothed with conspicuous silvery 
white hairs. Middle coxae each with a tuft of similar hairs and a couple 
of stout, curved, black bristles. Legs plain, yellow, anterior tarsi from 
the tip of the first joint, the hind tibiae, which are somewhat incrassated, 
hind tarsi and the hind femora on their upper surfaces near the tip, 
black. Wings greyish hyaline, not narrowed towards their base; veins 
brown; third and fourth veins nearly parallel. Ilalteres and tegulae 
yellow, the latter with long white cilia. 

Delaware County, Pennsylvania. 

Type in American Museum of Natural History, New York. 

51. Rhaphium coloradense new name 
(Fig. 81) 

Xiphandrium longicornis V. Duz., Tr. Am. Ent. Soc., XLVIII, 85, 
(nec. Loew) 

Male. Length, 3 mm. Head rather small. Face very narrow, silvery 
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white, in the type the eyes touch in the middle of the face, probably 
because the head is vShrunken. Palpi and proboscis black. Antennae 
black, its white pubescence conspicuous; third joint very long, nearly as 
long as the abdomen; in the type it is wav>, like a ribbon, of nearly 
equal width for nearly its entire length; arista short and thick, but as 
long as the width of the front. Front greenish, very short, not much 
more than a line and withotit bristles. Orbital cilia and beard white ; I 
cannot see any black cilia above. 

Dorsum of thorax and the scutelluni shining green; pleura slightly 
dulled with whitish pollen. Abdomen green with coppery reflections, 
the lowxr portion of its sides with pale hairs. Hypopygium (fig. 81) 
black, without hair, but with scales of pollen; its lamellae developed into 
long ribbon-like black filaments, which are fringed with long bristly 
hairs; the inner appendages are also long filaments with long bristles 
at tip, enlarged a little at base. 

Fore coxae wholly yellow; middle and hind ones black with yellow 
tips; fore and middle pairs w'ith yellow hairs on their anterior surface, 
hind pair with yellow bristle on the outside; middle ones with a yellow 
spine at tip. Femora yellow, nearly bare below ; posterior pair a little 
infuscate near the tip above. Tibiae yellow with only very small bristles; 
posterior tibiae slightly infuscated at tip. Fore and middle tarsi slightly 
longer than their tibiae, infuscated from the tip of the first joint; fore 
metatarsi as long as the following four joints taken together and with 
a row of minute bristles below. Hind tarsi scarcely as long as their 
tibiae, black from the tip of the first joint, which is dark yellowish and 
about as long as second joint. Calypters, their cilia and the halteres, 
yellow. 

Wings greyish; last section of fourth vein bent near its middle, 
where it is quite widely separated from third vein, the third vein running 
rather close to second as far as this point, from this point the third and 
fourth veins approach each other a little, then run nearly parallel to their 
tips, the fourth ending in the apex of the wing; last section of fifth vein 
about two and one-half times as long as the cross-vein ; sixth vein quite 
widely separated from the wing margin, the anal angle of the wing being 
somewhat prominent. 

Described from one male, taken by L. O. Jackson, at Geneva Park, 
Grant County, Colorado, July 23, 1910, at an elevation of about 9,000 
feet. Type in the author's collection. 

Perhaps a new genus should be formed to receive this species, based 
on the small front and its lack of bristles, but as it is possible that the 
bristles may have been broken off in the single specimen we have, it 
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seems best to wait until mote material is found. Otherwise it fits well 
in this genus. (Original description) 

51a. Rhaphium aldrichi Van Duzee 
(Figs. 82, 83) 

Male. Length, 2.75 to 3 mm. Face white, not very narrow. Front 
green, dull. Palpi blackish or yellowish brown, small. Antennae black, 
nearly twice as long as the height of the head ; third joint of about equal 
width, ribbon-like, somewhat folded up, pubescent; arista very short, 
scarcely as long as the width of the third joint. Lateral and inferior 
Orbital cilia white. 

Thorax green, dulled with grey pollen. Abdomen green with black 
hair, those on the lower edge of the sides yellow. Hypopygium and its 
appendages black; there are two pair of lamella-like appendages (figs. 
82 and 83), these do not seem to be united at base, but I do not sec 
that either can be called an outer or inner appendage as in other species ; 
one is long and furnished with long pale hairs, the other pair have an 
oval tip tapering into a slender stem, these also have long pale hairs. 

Fore coxae yellow, slightly darker on outer side at base; middle and 
hind coxae black on basal, yellow on apical half ; the hairs and bristles 
of all coxae yellow. Femora and tibiae yellow, only the tips of posterior 
tibiae brown, their bristles very small. All tarsi blackened from the 
tip of the first joint; fore tarsi about as long as their tibiae, the first 
joint but little longer than the second: middle pair one and one-fourth 
times as long as their tibiae, hind tarsi slightly thickened, about equal 
to their tibiae in length, first and second joints of about equal length. 
Calypters, their cilia and the halteres, yellow. 

Wings grey; third and fourth veins approaching each other from 
about the middle of the last section of the fourth vein, but nearly 
parallel at tips, fourth ending in the apex of the wing; last section of 
fifth vein fully twice as long as the cross-vein; anal angle rounded, the 
wing being rather abruptly narrowed at its root. 

Female. Colour, venation and form of the tarsi about as in the male. 
Face wide, whitish; palpi black, large; antennae with the third joint 
somewhat triangular, but little longer than wide; arista about as long 
as the height of the head, slender. 

Described from two males and one female, taken at Healy, Alaska, 
June 24, 1921, by J. M. Aldrich, for whom I am naming this interesting 
species. Type and allotype in the United States National Museum. 
(Original description) 

Type and Allotype — Male and female. Cat. No. 26536, U.S.N.M. 
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52. Rhaphium exile new species 
(Figs. 84, 85) 

Allied to femineum V.D. from which it is distinguished by the 
presence of a long bristly black hair at the apex of the outer lamellae. 

Length, 2.5 mm. Male. Face rather narrow, tapering to lower edge, 
silvery white. Front violaceous, bluish on the edges. Occiput dark 
green, rather thinly whitish pollinose, upper orbital cilia black; beard 
white, rather sparse. Palpi brownish yellow, white pollinose and with 
a few fine whitish hairs. Third antennal joint riband-like, much longer 
than height of head, the arista but little longer than width of third joint, 
densely pubescent. (See fig. 85) 

Mesonotum blackish green, rather densely brown pollinose, but quite 
shining ; scutellum more or less violaceous, the basal pair of bristles very 
small. Pleura green, the posterior margin yellow, greyish pollinose. 

Coxae and legs yellow ; posterior femora slightly darker yellow with 
the upper surface brownish except on basal fourth to one-half, the 
posterior tibiae and tarsi wholly black. Anterior tarsi simple; middle 
tarsi slightly darkened apically. Anterior and posterior femora each 
with one posterior prcapical bristle, the middle pair wiht two, the middle 
and posterior femora each with one anterior preapical. Coxae with 
white hair, the middle pair with two black bristles on outer anterior 
edge and a slender yellowish thorn at apex, the hind pair with an 
exterior black bristle. 

Wings lightly infuscated, especially in front. Squamae and halteres 
yellow, the former whitish ciliate. 

Abdomen bronzed, the base and sides apple-green and thinly greyish 
pollinose. Hairs black; on the sides and venter pale. Genitalia brown, 
the lamellae (fig. 84) brown, with black hairs, sometimes pale brown 
basally. 

Described from 4 specimens, Lafayette, Indiana, July 18, 23, 25 
(J. M. Aldrich). 

Male, Cat. No. 28088, U.S.N.M. 

Paratypes — No. 1354 in the Canadian National Collection, Ottawa. 

53. Rhaphium femineum Van Duzee 

Length, 2.5 to 2.75. Small, slender species, the third antennal 
joint over five times as long as wide, the arista not over one fifth as 
long; coxae yellow, the posterior four sometimes infuscated on outer 
side, the posterior tibiae and tarsi black, front four legs yellow. 

Male. Face fairly wide, twice as wide above as below, silvery white. 
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Front purple with bright blue margins. Occiput blue green, densely 
greyish white pollinose, less thickly so above, orbital cilia black, the 
beard white, not abundant. Proboscis and palpi brownish yellow, the 
latter white pollinose, its sparse hair very fine and indistinct, greyish. 
Third antennal joint apparently about six times as long as wide, nor- 
mally not much tapering, the arista one and a half times as long as the 
width of the third joint, its basal section one and a half times as long 
as wide, not or but little thicker than the apical section. The 
third joint is very evidently pubescent. 

Mesothorax dark green, blue or blackish, more or less bronzed, 
moderately brownish pollinose, the scutellum sometimes green, blue or 
purple. Pleura brownish, sometimes with green reflections, the posterior 
edge on the lower half sometimes yellow, the whole densely whitish 
pollinose. Propleura white pilose. 

Coxae yellow, the posterior four often more or less reddish brown 
on the outer surface, sparsely white pilose; the anterior coxae lack any 
black hairs, the middle ones have two black bristles and sometimes two 
or three hairs on the anterior outer edge and a slender long yellow thorn, 
the hind coxae with a black bristle near the middle of the outer surface. 
Legs yellow, the posterior tibiae and tarsi and the last four joints and 
tip of the first joint of the remaining tarsi blackish, the posterior femora 
ferruginous or brownish on the apical fourth at least above, the ventral 
surface always pale. Middle femora with one anterior and two posterior, 
the hind with one anterior preapical bristle, none with long hairs; 
anterior basi tarsi simple, four-fifths as long as the remaining joints. 

Wings tinged with brownish, strongly so anteriorly, the cross-vein 
slightly oblique. Squamae and halteres yellow, the former with white 
cilia. 

Abdomen green, scarcely pollinose even on the sides, usually almost 
all bronzed, the hair black, only a few pale hairs basally on the sides. 
Genitalia concolorous with abdomen, the small outer lamellae brown, 
with brown hair. 

Female, Face rather bluish in ground colour, silvery greyish pollinose, 
wide, somewhat widened above, the upper part not longer than wide. 
Front blackish, in the middle silvery greyish pollinose. Occiput blackish, 
densely white pollinose except the large upper comers. Palpi brown, 
with slightly paler apices, whitish pollinose, the hairs black. Third 
antennal joint small, hardly twice as long as wide, the arista slightly 
longer than the face. 

Broad margins of the mesonotum blackish bronzed, with brownish 
pollen, the di.se and scutellum densely greyish pollinose, leaving dark 
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vittae between the acrostical and dorsocentral bristles, the anterior 
comers of the scutellum dark. 

Legs as in , the anterior coxae with one or two black bristles 
apically, the posterior tibiae chiefly brownish yellowish, or decidedly 
paler than in the male. Wings darker, the veins much more clouded with 
deeper brown. The middle femora lack the smaller, subventral posterior 
preapical bristle. 

Re-described from nine males and two females from Lafayette, 
Indiana, May, July and August, (J. M. Aldrich). 

54. Rhaphium flavicoxa Van Duzee 

"Male. Length, 2 mm. Face very narrow below, wider above, silvery 
white. Front shining violet. Antennae black; third joint scarcely as 
long as the height of the head and not much wider at base than the 
width of the front; arista about as long as the width of the front. The 
orbital cilia seem to be wholly black (I can only sec two or three of 
the lower ones). 

“Thorax greenish. Abdomen green with bronze reflections. 
Hypopygium black with four black hairs above, its lamellae small, 
triangular with a stem, yellowish at base, apical half black, fringed 
with minute pale hairs; I cannot see any inner appendages. 

“Coxae yellow; anterior and middle ones with yellow hairs on the 
front surface, the latter with a short yellow spine at tip and two or three 
black bristles on outer surface near the tip; hind coxae with one black 
bristle. Femora yellow, nearly bare below; middle ones with one small 
black bristle on each side near tip; hind pair with one preapical bristle; 
fore and middle tibiae yellow, the former with minute bristles and the 
latter with large ones. Hind tibiae brownish. Fore and middle tarsi a 
little longer than their tibiae, first joint as long as the following three 
joints taken together, yellow, becoming darker from the tip of the first 
joint. Hind tarsi black, with the second joint a little longer than the 
first. Calypters, their cilia and the halteres, yellow. 

^‘Wings tinged with yellowish brown; fourth vein nearly parallel with 
third from near the cross- vein, ending in the apex of the wing; last 
section of fifth vein about three times as long as the cross-vein; sixth 
vein short, parallel with the margin of the wing. 

“Described from one male taken at Lavender, Floyd County, Georgia, 
August, 1910, by J. C. Bradley. Type in the author’s collection. (Original 
description) 
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55. Rhaphium arboreum Curran 
(Fig, 86). 

Length, 3 mm ; antennae .8 mm. Allied to R. flavicoxa Van Duzee, 
but differing in the genital lamellae, which are composed of two elongate 
branches in arboreum but are triangular and unbranched in flavicoxa. 
The posterior tibiae are chiefly yellow in arboreum, but brown on inferior 
side almost to the base ; chiefly brownish in flavicoxa. 

Male. Face silvery white, narrowest at upper third, not as wide 
below as above. Front bluish with a narrow green margin, but so 
densely covered with silvery white pollen as to practically conceal the 
blue colour, although it is quite apparent in the newly captured specimens. 
Occiput green, largely white pollinose, the cilia black to the level of the 
antennae, white below. Antennae black; third joint one-fifth longer 
than height of head, very slightly tapering, distinctly pubescent; arista 
slightly longer than basal width of third joint, very shortly pubescent. 
Palpi and proboscis brownish, the former with black hairs. 

Mesonotum green with slight brassy reflection, thinly greyish yellow 
pollinose. Before the base of the wings is a triangular opaque black 
spot reaching the suture, before which the sides are white pollinose. 
Pleura usually purplish or blue-green with rather thick whitish pollen. 
Basal scutellar bristles very small, inconspicuous, white. 

Legs, including the coxae, whitish to yellow, the front four tarsi from 
the apex of the first joint and the posterior tarsi wholly, blackish or 
brown, the posterior basitarsus paler on basal half in many specimens, 
the posterior tibiae more or less infuscated on apical fourth, sometimes 
more on the ventral side, often scarcely so on dorsal surface, but thc> 
appear wholly darker than the others because of the abundant black 
hairs. Middle coxae usually with a basal fuscous spot, this someliir.es 
extending over half way to the apex. All the coxae white-haired, the 
legs wholly appressed black pilose. On the postero-ventral surface of 
the front femora are four or five increasingly longer, small black bristles, 
the middle femora with one preapical bristle on either side, and some- 
times two or three longer black hairs near it, the posterior femora with 
one anterior preapical bristle, the hairs towards the base on the dorsal 
surface longer than elsewhere. Anterior basitarsi not swollen at apex; 
first joint of hind tarsi slightly shorter than the .second. 

Wings cinereous, slightly darker apically in front. Squamae yellow 
with yellowish cilia, one or two often black. Haltercs yellow. 

Abdomen brassy green, the sides not very broadly thinly white 
pollinose; pile black, white at the sides on basal half and on the venter. 
Genitalia black, outer lamella yellow basally, sometimes brownish yellow, 



Nearctic Species of Rhaphium 


169 


the apical three-fourths or more usually black; at its basal fourth it is 
split into two nearly equal ribbon-like appendages which are about hve 
times as long as wide, and fringed with rather long, sparse, yellow hairs, 
their apex rounded. They vary slightly in width and shape, sometimes 
being widest at the middle, at other times their sides almost parallel. The 
inner lamellae are usually hidden, they are nearly as long as the outer, 
their base apparently somewhat triangular, produced forward at their 
apex as a short, apically swollen prong. (See fig. 86) 

Female, Face with parallel sides, nearly as wide as the length of 
the antennae, silvery white; front as in ; third antennal joint not 
longer than first, cordate, as wide as long, its arista four-fifths as long 
as height of head. Palpi with silvery-brownish pollen and black hairs. 

Posterior tibiae wholly yellow, their basitarsi yellow, except apically. 
Abdomen coloured as in ^ . 

Originally described from Megantic, Que., and not since recorded. 

The pale coxae and shape of the genital lamellae at once distinguish 
this pretty little species from its allies. 

R, arboreum apparently is a wood species. I found it in the vicinity 
of a small stream in a very dense and tangled wood on the shores of 
Lake Megantic. It was found most commonly on a leafy muddy slope, 
where it was extremely difficult to locate owing to its minute size. It 
was not possible to sweep owing to the underbrush. Shortly after, I 
located it again further up the side of the hill, where it was sunning 
itself on leaves, but failed to capture specimens by sweeping. Only in 
these two moist spots was it in evidence and it was taken at no other 
place, although I searched for it whenever I came to what I thought 
might be its habitat. 

Type in Canadian National Collection. 

Paratypes — Male and female, Cat. No. 26500, U.S.N.M. 

56. Rhaphium simplicipes new species 
(Figs. 87, 88) 

Length, 3 mm. Antennae longer than head and thorax ; outer genital 
lamellae each composed of two long slender branches; legs yellow, the 
hind tarsi wholly black. 

Male. Face normally rather wide, slightly wider above, silvery white, 
the front similar, green towards the vertex. Occiput green, greyish 
pollinose, the beard white, not abundant. Palpi brown, with some whitish 
pollen and black hairs. Antennae (fig. 88) as long as the head and 
thorax together, the third joint very slightly tapering, the arista one and 
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a half times as long as the width of the third joint, which is noticeably 
pubescent. 

Mesonotum green, with sub-median bronze vittae ; moderately covered 
with yellowish brown pollen. Pleura green and blackish, with greyish 
pollen. Propleura white pilose. 

Anterior coxae reddish yellow, with a black spot on the outer side at 
the base ; posterior four coxae green with yellowish apices, grey pollinose, 
and white pilose, the hairs at the apex of the middle coxae condensed 
but not forming a distinct thorn, those on the hind coxae forming a row 
on the outer surface. 

Legs yellow, the hind femora slightly darkened above towards the 
apex, the posterior tarsi wholly black, or slightly paler at the base, the 
apex of the tibiae and the anterior four tarsi from the tip of the first 
joint reddish brown. Hair on legs all black; not conspicuous. Legs 
entirely simple. 

Wings greyish, darker in front, the cross-vein transverse. Squamae 
and halteres pale yellow, the former with whitish cilia. 

Abdomen green, often almost all bronzed, not pollinose, the hair 
black, pale on sides basally and on the venter. Genitalia black (fig. 87), 
the outer lamellae brown with brown hairs. 

Female, Face nearly one-third the width of the head, grey pollinose ; 
third antennal joint sub-cordate, but little longer than wide, the arista 
longer than the face. 

Legs sometimes darker, the femora rather extensively tinged with 
brown, the tarsi black instead of brownish; middle femora with anterior 
and posterior, the hind ones with anterior preapical bristle. 

Described from seven males and two females, Tennessee Pass, Colo., 
10,240 ft, July 10 and 11, (J. M. Aldrich). 

Type and Allotype — Male and female. Cat. No. 28089, U.S.N.M. 

Paratypes — same data; No. 1355, in the Canadian National Collection, 
Ottawa. 


57. Rhaphium lugubre Loew 

Female, Greenish-black, shining; feet black; the four anterior tibiae 
and the middle femora dusky yellow. Long. corp. 0.16. Long. al. 0.16. 

Of a bright metallic, but very dark greenish-black colour. Face 
moderately broad, with a bright lustre of silvery- white powder upon 
black ground. Palpi black with white powder. The black antennae very 
long, narrow and glabrous; the apical bristle short and bare. Front 
shining black. Cilia of the upper orbit black, delicate, short ; dlia of the 
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lateral and inferior orbits white. Thorax bright, with an almost imper- 
ceptible grey-whitish dust. The scutellum lias no hair with the exception 
of the usual bristles. Abdomen bright, only on the lateral margin with 
distinct white powder; the hair upon it is black. Coxae black with 
white dust; the front side of the fore coxae with white hair and black 
bristles. Anterior femora black with luteous tip; fore tibiae lutcous, 
only with two bristles on the upper side; fore tarsi black, the first joint 
as far as the tip, luteous. Middle feet luteous, tarsi from the tip of the 
first joint blackened. Hind feet entirely black, only the knees yellow; 
the first joint of the tarsi scarcely a little longer than the second. Cilia 
of the brown tegulae whitish. Wings blackish, on the fore margin and 
along the veins darker; the last segment of the fourth longitudinal vein 
only in the middle gently inflected forward. 

Hab, Carolina. (Translation of original description) 

Two 9 , Delaware Co., Pa., are quite evidently this species. The ^ 
i«^ not known. 

Type in Mus. Comp. Zool., Cambridge, Mass. 

58. Rhaphium occipitalc new .species 

Length, 3.5 mm. Legs reddish yellow, the last two and one-half 
tarsal joints brownish ; third antennal joint slightly longer than the face, 
the arista scarcely half as long as the joint. 

Female. Face one-fourth the head width, silvery white; front 
blackish bronzed; occiput similar, with V behind the ocelli and the sides 
and lower portion pale greyish pollinose, the beard not abundant, silvery 
white. Palpi brown, with yellowish grey dust and a few rather fine 
yellowish hairs. Antennae black, as above, the third joint scarcely taper- 
ing, the end conspicuou.sly narrowed. 

Thorax bronzy black, the broad sides and middle line bare, else- 
where rather densely brownish yellow pollinose, in some lights the 
narrow middle line is pollinose leaving two conspicuous vittac between 
the dorsocentral and acrostical bristles, the latter in two regular paired 
rows. Pleura and coxae grey pollinose. Propleural pile white. Scutellum 
with only two bristles. 

Anterior coxae and apices of the other four yellow, the front ones 
with fine white hair, and two or three black bristles on the outer apex, 
the middle ones with short black bristly hairs and two apical bristles 
on outer side, the hind ones with a single exterior bristle. Legs reddish 
yellow, the apical two and one-half tarsal joints brownish; front tarsi 
simple, the first joint of the front tarsi as long as the remaining ones, 
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Preapical bristles present only on the anterior and posterior surfaces of 
the middle femora and single. 

Wings tinged with brownish. Squamae and halteres yellow, the 
former with white cilia. 

Abdomen concolorous with thorax, the broad apices, more widely so 
laterally, rather bright green and very conspicuously whitish pollinose. 
All the hair black. 

Described from a single female specimen from Opelousas, La. 
(Pilate), in Aldrich Collection. 

Type— Female, Cat. No. 28090, U.S.N.M. 

This species appears so well marked that I do not hesitate to describe 
it from the female sex. Like R. indecisa it is intermediate between 
Rhaphium s.s. and Porphyrops s.s. The male evidently has the fore 
basitarsi swollen apically and may have the apical tarsal joints distinctly 
flattened. 


59. Rhaphium impetuum new species 
(Figs. 89, 90, 91). 

Length, 4.5 min., antenna 1 mm. Antennae of both sexes over five 
times as long as wide; face white; colour very dark green; front femora 
and hind legs black; lamella simple, short. 

Male, Face of medium width, silvery white, slightly widened above. 
Front and occiput black-green, the latter lightly whitish pollinose below; 
orbital cilia black, the thick beard white. Palpi black, with some whitish 
pollen, hairs black. Antennae (fig. 90) longer than the height of the 
head, the third joint slightly tapering, the stout arista not longer than 
the width of the third joint. 

Mesonotum black-green, thinly greyish white pollinose, the pollen 
leaving obscure vittae along the rows of bristles. Pleura green, greyish 
pollinose. Propleura white pilose. 

Coxae green, greyish pollinose, the tips of the middle ones narrowly 
reddish, the pile wholly whitish, the hind coxae with a row of long, 
strong, white hairs on the outer surface; none with bristles or thorn. 
Front four trochanters yellow, the middle legs, anterior tibiae and basi- 
tarsi of the front four legs, except the apex of the latter, yellow, the 
anterior four tarsi brownish, the anterior femora and posterior legs black. 
Anterior femora with rather long white pile behind and below; middle 
femora with a row of long ciliate white hairs on basal half of ventral 
surface and a row of short black hairs on the apical half or less of the 
antcro and dorso-ventral surfaces. Anterior basitarsus three times as 
long as the following joint, somewhat enlarged apically. 
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Wings tinged with brown, the cross-vein almost rectangular. Squamae 
and halteres yellow, the former with whitish cilia, the latter with 
brownish stems. 

Abdomen black green, greyish pollinose, the incisures and terminal 
segments blackish. Genitalia black, the short lamellae (fig. 89) brown, 
with black hairs, the inner lamellae yellow. 

Female, Face of medium width for 9 , argenteous white, the upper 
poriton one and one-half times as long as wide. Occiput greyish pollinose 
except above. Palpi brown, their apices obscurely reddish, their hair 
black, the whole greyish pollinose. Third antennal joint narrower than 
in male, its arista one and one-half times as long as the width of the 
joint in the middle. (See fig. 91) 

Apical fifth of front femora reddish, the front coxae with one or two 
black hairs on the anterior outer edge, and several on the front surface 
towards the end laterally, the hind coxae with a row of black bristles 
on exterior surface. Middle femora with a row of three to five black 
preapical bristles on either surface above the lower edge. 

Wings quite strongly cinereous, especially in front. 

Described from two specimens from Plummer's Island, Maryland, 
April 24th, 1913, collected by R. C. Shannon. 

Type and Allotype — Male and female, Cat. No. 28091, U.S.N.M. 


Catalogue of the Nearctic Species of Rhaphium 

albibarbaV an Duzee, Pr. U.S.N.M., Ixiii, Art. 21 , p. 10, 1924. (Porphy- 
rops). 

An tea, p. 110 . 

aidfichi Van Duzee, Tr. Am. Ent. Soc., xlviii, 86, 1922. (Xiphandrium). 
Alaska. 

Antea, p. 164. 

arboreum Curran, Can, Ent., Ivi, 140, 1924. Que. 

Antea, p. 168. 

armaium Curran, Can. Ent., Ivi, 1.36, 1924. 

Antea, p. 111 . 

Que., N.Y. 

atkinsoni Curran, Antea, p. 156. Sask. 
banksi Van Duzee, Antea, p. 109. 

barpipes Van Duzee, Ent. News, xxxiv, 239, 1923. (Porphyrops). Maine. 
Antea, p. 112 . 
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boreale Van Duzee, Ohio Jour. Sci., xxiii, 246, 1923; Proc. U.S. Nat. 

Mus., Vol. 63, Art. 21, p. 9, 1924. (Porphyrops). 
Alaska. 

Antea., p. 102. 

hrevicornis Van Duzee, Ent. News, xxxiv, 242, 1923. (Porphyrops). 
Oregon. 

Antea, p. 120. 

brevilatneUotum Van Duzee, Antea, p. 119. 

campestre Curran, Can. P^t., Ivi, 133, 1924. 

Antea, p. 1^. 

Man., Alta., B.C. 

canadense Curran, Can. Ent., Ivi, 137, 1924. 

Antea, p. 136. 

Que. 

caudotum Van Duzee, Antea, p. 117. 

coloradense Curran, Van Duzee, Tr. Am. Ent. Soc., xlviii, 85. (Xiphan- 
drium longicornis, nec. Loew). 

Antea, p. 162. 

Colo. 

cof^sobrinum Zett. See discolor Zett. Scand. 
crassipes Meigen, Syst. Beschr., iv, 50. (Porphyrops). 

Zett, Ins. Lapp., 505 (cylindrica), 18^. 

Meig., Syst. Beschr., vii, 151. (Porphyrops fulvipes), 1838. 
Beck., Nova Acta, ciii, 216, 1918. 

V. Duz., Pro. U.S.N.M., Lxviii, Art. 21, p. 7, 1923. 

Antea, p. 125. 

Europe, N.A. 

discolor Zett, Ins. Lapp., Dipt., 704, li?38. 

Zett, Ins. Lapp. Dipt, 704, 1838. (R. fascipes var. b.). 
Zett, Dipt. Scand., ii, 471, 1843 (consobrina). 

Walk., List i, 210, 1851 (fulvipes). 

Lichtw., D.E.Z., 182, 1896. 

V. Duz., Pr. U.S.N.M., Ixiii, Art. 21, p. 7, 1924. 

Antea, p. 118. 

dubiutn Van Duzee. See femineum. N.Y. 

effilatum Wheeler, Proc. Calif. Acad. Sci., ii, 34, pi. II, Figs. 54, 55. 
(Porphyrops). 

Wheel., Psyche, p. 361, 1890. (Porphyrops longipes Lw.). 
Antea, p. 142. 

Widespread. 
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tUgantulum Meigen, Syst. Beschr., iv, 51, 1824. (Porphyrops). 

Curtis, Brit. Entomol., viii, 541, tab., 1835. (Porphyrops 
wilsoni). 

Beck., Nova Acta, ciii, 218, Synonymy, 1918. 

V. Duz., Proc. U.S.N.M., Ixiii, Art. 21, p. 6, 1923. 

Antea, p. 133. 

exile Curran, Antea, p. 165. Colo. 

jascipes Meigen, Syst. Beschr., iv, 54, 1824. (Porphyrops). 

Haliday, Zool. Journ., v, 354, 1832. (Perinthinus). 
Macquart latipes, Rec. Soc. Sc. Agr., Lille, 247, 1827. 
Becker, Nova Acta, ciii, 219, Synonymy, 1918. 

Antea, p. 146. 

Europe. 

femineum Van Duzee, Tr. Am. Ent. Soc., xlviii, 84, 1922. (Xiphan- 
drium). 

V. Duz., Tr, Am. Ent Soc., xlviii, 85, 1922. (var. dubium). 
Antea, p. 165. 

N.Y. 

femoraium Van Duzee, Tr. Am. Ent. Soc., xlviii, 81, 1922. (Xiphan- 
drium). 

Ohio Jour. Sci., xxiii, 247, 1923. 

Antea, p. 159. 

Alaska, Nevada, 

flavicoxa Van Duzee, Tr. Am. Ent. Soc., xlviii, 84, 1922. (Xiphan- 
drium). Ga. 

Antea, p. 167. 

Joliatum Curran, antea, p, 150. Ohio. 

fumipenne Loew, Neue Beitr., viii, 51. (Porphyrops). Middle States. 
Loew, Mon. N. Am. Dipt, ii, 146. (Porphyrops). 

Antea, p. 147, 

gracile Curran, Psyche, xxxi, 228, 1924. Mass. 

Antea, p. 139. 

grande Curran, Can. Ent., Iv, 210, 1923. (Porphyrops). 

Antea, p. 130. 

B.C. 

impetuum Curran, antea, p. 172. (Rhaphium s.s.). 
insolitum Curran, antea, p. 151. 

johnsoni Van Duzee, Ent. News, xxxiv, 240, 1923. (Porphyrops). N.J., 
Va., N.H. 

Antea, p. 116. 

longicorne Van Duzee. See coloradense Curr. 
longipalpis Curran, antea, p. 148. 
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longipes Locw, Cent, v, 92. (Porphyrops). 

Loew, Mon. N. Am. Dipt., ii, 340. 

O.S. Cat. 

An tea, p. 140. 

N.H., Canada! 

longipes Wheeler. See efiilatum Wheeler. 

lugubre Loew, Ncue Beitr., viii, 49. (Rhaphium s.s.). 

Loew, Mon. N. Am. Dipt., ii, 141. 

Aid. Cat. Del. Col.; antea, p. 170. 

Carolina, Pa. 

melampus Loew, Neue Beitr., viii, 51. 

Lowe, Mon. N. Am. Dipt., ii, 146. 

Smith, Cat.; antea, p. 152. 

Atl. States, N.J.; Quebec. 

monianum Van Duzee, Proc. Calif. Acad. Sci., x. 47, 1920. (Por- 
phyrops). 

Antea, p. 154. 

Calif. 

nigrum Van Duzee, Ohio Jour. Set,, xxiii, 245, 1923. (Porphyrops). 
Alaska. 

Antea, p. 101. 

nigricoxa Loew, Neue Beitr., viii, 51. (Porphyrops). 

Loew, Mon. N. Am. Dipt., ii, 145, 18; antea, p. 144. 

Md. 

nigrociliatum Curran; antea, p. 99. Colo. 
nigrovittaium Curran, antea, p. 121. 

nudum Van Duzee, Pr. U.S.N.M., liii. Art. 21, p. 9, 1924. (Porphyrops). 
1923, 

Antea, p. 105. 

occipitale Curran, antea, p, 171. (Rhaphium s.s.). 
orientate Curran, Antea, p. 113. N.B. 

ornatum Van Duzee, Ent. News, xxxiv, 242, 1923. (Porphyrops). N.Y. 
Curr., Can. Ent., Ivi, 138, 1924. (petchi). 

Antea, p. 127. 

palpate Curran, Antea, p. 149. 

petchi Curran. See ornatum Van Duzee. 

pollex Van Duzee (described as variety of femoratum V.D.), Tr. Am. 

Ent. Soc., xlviii, 82, 1922. (Xiphandrium). Nevada. 
Antea, p. 161. 

punctitarsis Curran, Can. Ent., Ivi, 135, 1924. Que. 

Antea, p. 137. 

robustum Curran, Antea, p. 145. 
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rotundiceps Loew, Neue Beitr., viii, 61, 18. (Porphyrops). 

Loew, Mon. N. Am. Dipt., ii, 146. 

D.C. 

Antea, p. 128. 

shannoni Curran, Antea, p. 155. 

signifer O.S., Cat., 242. (Porphyrops). N.Y. 

Antea, p. 141. 

simplicipes Curran, antea, p. 169. 

slossonae Johnson, Psyche, xiii, 59, 1906. (Leucostola). 

Van Duzee, Ent. News, xxxiv, 239, 1923. 

N.H. 

Antea, p. 131. 

spinitarsis Curran, Can. Ent., Ivi, 139, 1924. 

Antea, p. 115. 

Man., Colo. 

subarmatum Curran, Psyche, xxxi, 229, 1924. 

Antea, p. 124. 

N.B., N.H. 

temerarium Becker, Abh. Zool.-Bot. Ges. in Wien, xiii, 150, 1921. (Xi- 
pha'ndrium). Colo. 

Antea, p. 157. 

terminaU Van Duzee, Pro. U.S.N.M., Ixiii, Art. 21, p. 7, 1924, (Por- 
phyrops). Alaska. 

Antea, p. 107. 

triangulatum Van Duzee, Tr. Am. Ent. Soc., xlviii, 83, 1922. (Xiphan- 
drium). Arizona. 

Antea, p. 158. 

tricaudotum Van Duzee, Ohio Jour. Sci., xxiii, 243, 1923. (Porphyrops). 
Alaska. 

Antea, p. 134. 

vonduzeei Curran, Antea, p. 104. Indiana. 
xipheres Wheeler, Proc. Calif. Acad. Sci., ii, 34. Pa. 

Van Duzee, Tr. Am. Ent. Soc., xlviii, 81, 1922. (Xiphan- 
drium). 

Antea, p. 162. 
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Ewlakation op Figums 

1. Rhaphiutn migrociltatum n.sp. Outer genital lamella of cf. 


2. 

II 

“ cf antenna. 

3. 

II 

** 9 antenna. 

4, 

II 

vanduuei n.sp. Outer genital lamella of d*. 

5. 

II 

“ d* antenna. 

6. 

II 

nudum V.D. Genitalia of d*. 

7. 

II 

“ d* antenna. 

8. 

II 

terminate V.D. Genitalia of d' (Redrawn after Van Duzee). 

9. 

II 

“ d* antenna (id.). 

10. Rhaphium banksi V.D. n.sp. Outer {genital lamella of d*. 

11. 

II 

“ d* antenna. 

12. 

II 

alhibarba V.D. Onitalia of d* (Redrawn after Van Duzee). 

13. 

II 

“ d* antenna (id.). 

14. 

II 

armatum Curran. Genitalia of d*. 

16. 

II 

“ d* antenna. 

16. 

II 

orientate n.sp. Genitalia of d*. 

17. 

II 

“ d* antenna. 

18. 

II 

spinitarsis Curran. Middle tarsus of cf . 

18a. 

II 

** Outer genital lamella of d*. 

19. 

II 

caudatum V.D, n.sp. Genitalia of cT. 

20. 

II 

** d* antenna. 

21. 

II 

discolor Zett. Genitalia of d (Redrawn after Becker). 

22. 

II 

brevilamellatum V.D. n.sp. Genitalia of d. 

Zl. 

II 

“ d* antenna. 

24. 

11 

nigroviltatum n.sp. Genitalia of d. 

26. 

II 

campestre Curran. Wing. 

26. 

II 

“ d* antenna. 

27. 

II 

subarmaium Curran. Genitalia of d*. 

28. 

II 

crassipes Meig. Genital lamella of d”* 

29. 

II 

Middle tarsus of d. 

30. 

II 

“ d antenna. 

31. 

II 

** Wing of 9 . 

32. 

II 

oritatum V.D d antenna. 

33. 

II 

“ d fore tarsus. 

33a. 

II 

“ d genitalia. 

34. 

11 

roiundiceps Loew. Genital lamella of d* 

36. 

II 

d antenna. 

36. 

II 

“ Fore tarsus. 

37. 

II 

grande Curran. Genitalia of d. 

38. 

II 

** d antenna. 

39. 

II 

5/o5janae Johns. Genitalia of d. 

40. 

II 

elegantidum Mg. Genitalia of d (redrawn after Becker). 

41. 

II 

carutdense Curran. Genital lamella of d. 

42. 

II 

** d antenna. 

43. 

II 

Punctitarsis Curran. Outer genital lamella of d. 

44. 

II 

'' Middle tarsus of d. 
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45. Rhaphium gracile Cuxvd^n. Outer genital lamella of c^. 

46. ** “ . cf antenna. 

47. “ 9 antenna. 

48. “ signijer O.S. Genitalia of &. 

49. “ cT antenna. 

60. “ eJUatum Wh. Genitalia of cf . 

61. “ ** cf antenna. 

62. “ robustum. Genital lamella of c?*. 

63. “ “ cP antenna. 

64. ** fascipes Mg. Genital lamella of d*, 

65. ** “ cf antenna. 

66. ** “ cP posterior tibia. 

67. ** longipalpis n.sp. Genitalia of cf*. 

68. “ “ cf antenna. 

60. " longipalpis n.sp. 9 antenna. 

60. “ “ cf' palpus. 

61. “ palpate n.sp. Outer genital lamella of d". 

62. ** “ cf antenna. 

63. nigricoxa Loew. 9 antenna. 

64. ** insoliium n.sp. Genitalia of d*. (A. Outer lamella, B. Auxiliary lobe). 

66. “ “ d^ antenna. 

66. “ melampus Lw. Genitalia of d*. 

67. “ " d^ antenna. 

68. “ shannoni n.sp. (knitalia of cf. 

69. “ c? antenna. 

70. “ aikinsoni n.sp. Genitalia of c^. 

71. “ “ (f antenna. 

72. “ “ 9 antenna. 

73. “ temerarium Becker. Genitalia of d^. 

74. *' cf antenna. 

75. ** ** 9 antenna. 

76. *' triangulaium\.D. Outer genital lamella of d*. 

77. “ femoralum V.D. Genitalia of 

78. “ “ cT antenna. 

79. “ pollexV.D, Inner genital lamella of cf. (Redrawn after Van Duscc) . 

80. “ xipheres Wheeler, <f antenna (redrawn after Wheeler). 

81. “ coloradense Curran. Genitalia of cf (redrawn after Van Duzee). 

82. “ aldrichiW.D. Outer branch ofouter genital lamella of cf (redrawn after 

Van Duzee). 

83. aldrichi V.D. Inner branch of outer genital lamella of cf (id.). 

84. ** exile n.sp. Outer genital lamella of cf. 

86. “ ** cf antenna, 

86. arboreum Curran. Genitalia of (f . 

87. simplicipes n.sp. Genitalia of cf . 

88. “ ** cf antenna, 

89. impetuum n.sp. Outer genital lamella of cf . 

90. ** ** cf antenna. 

91. ** ** 9 antenna. 
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THE musculature OF PANDALUS DANAE STIMPSON 
By Alfreda A. Berkeley 
Introduction 

Considering the quantity of work that has been done on the external 
anatomy and taxonomy of Crustacea, there is an extraordinary paucity 
of literature dealing with the internal morphology, and this is especially 
true of the muscles. As far back as 1818 W. L. Suckow published a 
description of crayfish muscles, and since his time Milne- Edwards (1834), 
Lemoine (1868), Mocquard (1883) and Huxley (1879) have all dealt 
in some measure with the subject. The work of the early investigators 
was all fairly general, however, and was verified or corrected by 
Walter Schmidt in 1915 when he published his paper '‘Die Muskulatur 
von Asiacus fiuviatilis {Potamobius astacus L.).*^ 

The order Decapoda includes two sub-orders Natantia and Rep- 
tantia. The former contains more or less free-swimming forms, and to 
it belongs the prawn, Pandalus. To the latter belong the creeping 
forms, including crayfish and lobsters, as well as crabs and hermit crabs. 
The species of Pandalus chosen for the present study was P. danae 
Stimpson, the commonest form of edible prawn found in the neighbour- 
hood of Vancouver Island, B.C. Comparisons were also made from 
time to time with the three other species of Pandalus used commercially 
near Vancouver, namely P. hypsinotus Brandt, P. borealis Kr5yer, and 
P. platyceros Brandt. However, differences in musculature were found 
to be practically negligible. Where reference is made to the crayfish, 
Astacus, the species meant is that which is now more generally known 
as Potamobius astacus L. 

Crayfish and lobsters are somewhat alike in their general habits and 
are similarly adapted to a life upon the bottom. The thoracic legs or 
pereiopods are strong and adapted for walking and supporting the body, 
while swimming is performed mainly by flexions of the abdomen with 
its large tail fin. This latter mode of locomotion is employed as a 
measure of protection in dashing backward into shelter. Pandalus, on 
the other hand is a free-swimming form, and, as such, is possessed of 
better developed abdominal appendages, or pleopods, while the pereio- 
pods are very slender and directed forwards. Only the three posterior 
pairs of pereiopods are used for walking and these to a limited extent. 
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In these respects Pandalus^ like most of the prawns, resembles the more 
primitive pelagic Euphausiacea and Mysidacea. 

Pandalus differs further from the crayfish and lobster in lacking the 
principal chelipeds developed in the latter forms from the first pair of 
pereiopods; in fact this pair of appendages in Pandalus is exceptionally 
slender and weak and bears only the vestige of a claw. The second 
pereiopods are extremely long, the left one being much longer than the 
right. They are many-jointed and are usually carried folded in half. 
None of the other pereiopods are chelate, each terminating in a single 
claw. It should also be noted that in Pandalus all the thoracic appen- 
dages, except the last pereiopod, bear an epipodite, or a modified form 
of epipodite called a mastigobranchia. In the crayfish and lobster the 
only appendage which bears this epipodite is the first maxilliped. The 
remaining appendages of the cephalothorax resemble those of the 
crayfish fairly closely, except the third pair of maxillipeds which is re- 
markably different. It lacks the exopodite, and the endopodite is long, 
slender, and leg-like, although it differs from the pereiopods in having 
fewer joints and lacking a terminal claw. The whole appendage is very 
thickly covered with setae, which would seem to indicate that it is 
mainly used in some sensory capacity. 

The main difference between the abdominal appendages of Pandalus 
and those of Astacus lies in the first two pairs of pleopods of the male. 
Whereas in Astacus these are much altered in connection with their 
function as sperm depositors, in Pandalus they are hardly modified at all. 

Taking into consideration these differences in the structure of the 
appendages, it has seemed worth while to consider the muscles of 
Pandalus in some detail. 

The following investigation is largely based on Schmidt’s work, and 
has been made considerably simpler by the use of his descriptions. The 
general arrangement of his subject matter has been followed and his 
terminology retained except where change seemed necessary. In the 
comparisons made between Pandalus and Astacus, the writer has in 
general depended upon Schmidt’s account of the latter, although in 
connection with certain features dissections of an American crayfish 
{Cambarus propinquus Girard) were carried out. 

It was at the suggestion of Dr. E. M. Walker that this work was 
undertaken, and thanks are due to him and to Dr. B. A. Bensley for 
their interest and assistance. They are also due to the University of 
Toronto for financial aid in the form of fellowships, and for providing 
all necessary laboratory facilities. 

Technique 

The muscles of these shrimps are firm and preserve well. A few 
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spjBcimens were preserved in 70 per cent, alcohol, and a few in 10 per 
cent, formalin, but this tended to make the carapace too brittle, especially 
the formalin, and so increased the difficulty of dissection. The majority 
of the material was preserved in a mixture made up as follows; 

Formalin 10% 1 part. 

Alcohol 70% 1 part. 

Glycerine 1 or 2 parts. 

Musculature 

Schmidt divides the muscles as a whole into two large groups, the 
body muscles and those of the appendages. The former class includes 
those which unite thorax with abdomen or vSegment with segment, or 
they may even pass from one part of a segment to another, in which 
case they serve to strengthen rather than to move. It will be convenient 
similarly to divide the muscles of Pandalus danae into two groups. 

Part I. the musculature of the head and thorax 
A, The Muscles of the Body 
1. Longitudinal Muscles 

The longitudinal body muscles are somewhat complicated in general 
appearance because of their tendency to be much branched and to twist 
about one another. Thus the lateral muscles arise dorsally and are 
inserted laterally, while the dorsal muscles arise laterally and pass 
under the lateral muscles to their insertion on the dorsal surface. Where 
the muscles are branched, even if attached to the tergal surface, there 
is a tendency for these branches to arise in different segments, thus 
suggesting traces of segmentation. The superficial ventral muscles, 
however, are the only ones that show true segmentation. 

In Astacus, the body muscles are much simpler. They are less 
branched, weaker, tending to a ribbon rather than a cord-like form, 
and show little trace of segmentation in their origin. As the epimeral 
plate is larger, the only muscle having an origin on the carapace is the 
median branch of the lateral muscle. There are two small muscles in 
AsUicus which I was unable to find in Pandalus. These are the con- 
tractor epitneralis, which arises in the dorsal part of the epimeral plate 
and runs from the fourth to the fifth thoracic segments, and the super- 
ficial dorsal muscle connecting thorax and abdomen laterally. 

(a) Ventral Muscles 

The ventral muscles show a division into two layers. One of these 
is very simple, weak and flat, the other is much stronger, more com- 
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plicated and less superficial. Both layers tend to show traces of seg- 
mentation more than do the dorsal muscles, but this is especially true 
of the weak superficial layer. A consideration of the mobility of the 
sternal surface of the thorax compared with the immovable tergal 
surface will show that this difference in segmentation of the muscles is 
only to be expected. 

Musculi ventrales superficiales thoracis (vsth, [2:3, 3:4, 4:5, 5:6, 6:7, 

7:8], Fig. 2, 5) 

These muscles run from segment to segment on each side of the 
nerve cord, being attached to the paraphragms of the endophragmal 
system in each segment. Each muscle joins the caudal edge of the 
paraphragm of one segment to the rostral edge of the paraphragm in 
the segment following. The anterior three of the series (vsth 2:3, 3:4 
and 4 :5, Fig. 2, 5) are very weak, but posterior to the fifth segment they 
become more distinct. The fourth and fifth muscles (vsth 5:6, 6:7, 
Fig. 2, 5) are about equal in size. The seventh muscle (vsth 7 :8, Fig. 2, 5) 
is a little stronger. It runs from the paraphragm of the seventh segment 
to the beak-like process on the last thoracic segment and is continued 
as a thin tendinous ribbon to its insertion on the caudal edge of this 
last segment, just where the superficial ventral thoraco-abdominal 
muscle has its origin. The whole series obviously pulls the various 
thoracic segments together. 

(In Astacus the paraphragms are extended into mesophragms which 
unite over the nerve cord, and the superficial ventral muscles are attached 
to these mesophragms. Thus the two muscles of a pair lie side by side 
in several of the segments instead of on each side of the nerve cord.) 

Musculus ventralis superficialis thoraco-abdominalis (vstha. Fig. 5) 

This muscle runs from the thorax to the abdomen, and is really a 
continuation of the ventral superficial thoracic muscle. It is a ribbon 
of muscle fibres attached on one side to the caudal edge of the last 
thoracic segment, and on the other to the rostral edge of the first ab- 
dominal segment. It helps to pull the abdomen towards the thorax. 

(In Astacus this muscle is much longer and stronger and has two 
distinct branches.) 

Musculus ventralis capitis (vc. Fig. 9) 

This is a thin tendinous ribbon which springs from the anterior 
fascia in front of the head apodemes, passes over the mandible and is 
inserted with a few short muscle fibres at the lateral posterior end of 
the epistoma. Its use is not very apparent, but it probably only helps 
to strengthen the anterior fascia. 
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Musculi thoracales anteriores (tha, Fig. 1, 2, 4) 

This is the largest and strongest of the body muscles. It is continued 
in the abdomen as a big and complicated mass of muscle fibres, while 
in the thorax it occupies a very great part of the space left by the viscera. 
Undoubtedly its action is to flex the abdomen and its great develop- 
ment is due to the use of the abdomen in swimming. The main lateral 
part of the muscle (tha 1, Fig. 1 and 4) arises on the carapace anterior 
to the head apodeme by a very broad semi-circular surface. The smaller 
median portion (tha m, Fig. 2, 4) arises partly on the paraphragm of 
the first thoracic segment and partly on the anterior fascia where it 
covers this paraphragm. It almost immediately joins the lateral part. 
Two very tiny branches (tha mi, tha m 2 , Fig. 2) arise by tendons on the 
paraphragms of the second and third segments respectively and pass 
directly to join the median branch. The main lateral slip also has two 
side branches (thaj, tha 4 , Fig. 1, 4) which are attached to the epimeral 
plate of the fourth and fifth thoracic segments. The origins of these 
two small branches are closely connected with the origins of the two 
branches of the dorsal thoraco-abdominal muscle which arise in the 
fourth and fifth segments. All these parts unite to form a dense mass 
of muscle which is eventually inserted in the abdomen. 

(In Asiaciis this muscle is very much weaker, the branching is 
slightly different and much more distinct, and the main lateral portion 
arises on the epimeral plate of the first thoracic segment.) 

(6) Dorsal Muscles 

These muscles show absolutely no trace of segmentation, except in 
the origin of various branches. They serve wholly to move the abdomen 
instead of serving to some extent to bring together the thoracic segments 
as do the ventral muscles. 

Musculi dorsales thoraco-abdominales (dth [m and 1], Fig. 1, 2, 3) 

As indicated above, this muscle, which is fairly large, shows traces 
of segmentation in its origin. It may be divided into two main parts 
(dthm and dthl. Fig. 1, 2, 3). The inner part (dthm, Fig. 1, 2, 3) is the 
more substantial and has its origin as a flat, fan-shaped area on the 
carapace about the second thoracic segment, just posterior to the origin 
of the anterior thoracic muscle (tha. Fig. 1). It has two distinct cord- 
like parts, one of which tends to split again. These parts twist about 
one another like a rope, but all have their origin at the same place 
and are inserted together. The outer portion (dthl. Fig. 1, 2, 3) has its 
origin in a series of branches arising on the epimeral plate at the third, 
fourth, fifth, and sixth thoracic segments. Those which have their 
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origin on the third, fourth and fifth segments tend to twist about one 
another like those of the median portion, but that which has its origin 
at the sixth segment is separate from the others until its insertion and 
has itself a tendency to divide into three twisted branches. Ail these 
various parts are inserted close together on the dorso-medial edge of the 
first abdominal segment, in such a way that they appear to be directly 
continuous with the abdominal muscles. The whole system of muscles 
extends the abdomen but is not nearly as strong as its opponent, the 
ventral system. 


(c) Lateral Muscles 

Like the dorsal muscles, these serve only to move the abdomen, 
since they are connected with the immovable tergal part of the thorax. 

Musculi laterales thoraco-abdominales (1th [m and 1], Fig. 1, 2, 3) 

Just as the anterior thoracic muscle and the dorsal muscle are both 
divided into two main parts, so this lateral muscle has two branches 
of which the median one (Ithm, Fig. 1, 2, 3) is far the larger and stronger. 
On dissecting the animal from the dorsal side the median branch more 
or less covers all the other body muscles in the thorax. It is a ribbon 
of muscle fibres having its origin dorsally on the carapace just posterior 
to the place where the head and thorax probably unite, and close to 
the mid-line. It is inserted just at the point of union of the caudal 
end of the epimeral plate and the first abdominal segment. The lateral 
branch is again divided into two parts (Ithli and Ithh, Fig. 1), one 
having its origin on the epimeral plate, the other on the paraphragm 
of the last segment. The first of these (Ithh, Fig. 1) has three parts 
which arise separately but very close together in the neighbourhood of 
the sixth and seventh thoracic segments, and unite almost immediately. 
The second branch (Ithh, Fig. 1) is longer and more slender than the 
first. It arises on the beak-like continuation of the last thoracic s^ment 
and shows a tendency to split into two parts, one much weaker than 
the other. Both parts of the lateral branch unite with the median 
branch just in front of the point of insertion. The whole lateral muscle 
assists the anterior thoracic muscle in its action or, by contracting on 
one side only, it may pull the abdomen sideways. 

2. Transverse Muscles and Supporting Fascias 

These muscles are very weak in comparison with those which join 
segment to segment or thorax to abdomen, and they serve rather for 
support than for contraction. There is a notable tendency for tendons 
to collect into definite sheets or fascias. It has been impossible to show 
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these clearly in any of the figures, except a little in Fig. 9, but it is ad- 
visable to describe the principal ones, especially as two are more or 
less represented in Astacus by muscle fibres. 

Musculus attractor epimeralis (attr ep. Fig. 5) 

This is a short, broad ribbon of fibres starting at the first thoracic 
segment at the apex of the triangle formed by the epimeral plate and 
extending to the fifth segment. It joins the epimeral plate and the 
carapace, thus connecting endoskeleton and exoskeleton. 

(In Astacus this ribbon extends from the posterior end of the carapace 
to the anterior where it ends on the cervical groove level with the head 
apodemes, being joined, as in Pandalus, on one side to the dorsal edge 
of the epimeral plate and on the other to the carapace.) 

Musculi dorso-ventrales anteriores (dvai and dva*, Fig. 1, 2, 9) 

There are two of these muscles which both spring laterally from the 
dorsal side of the head apodemes and are inserted near the posterior 
mandibular muscle (add p mand, Fig. 1, 2, 9). The first of these (dvai. 
Fig. 1, 2, 9) is practically a fan-shaped tendon with a few muscle fibres 
at each end. It is indirectly attached to the head apodeme, having 
its origin in a little cluster of muscle fibres on the dorso-lateral edge of 
the anterior fascia (fa, Fig. 9), and then spreads out to cover about a 
third of the depressor of the second antenna (depr c II Ant, Fig. 1, 2) 
and be inserted on the carapace almost without muscle fibres. The 
other muscle (dvaj, Fig, 1, 2, 9) has its origin partly on the head apodeme 
and partly on the anterior fascia just posterior to the origin of the first 
anterior dorso- ventral muscle. It passes dorsally as a long thin tendon 
to be inserted on the carapace near the posterior end of the insertion of 
the first anterior dorso-ventral muscle by a cluster of short muscle fibres. 
These muscles probably serve partly to support the anterior fascia and 
may also protect the viscera which would otherwise be compressed by 
the contraction of the antennal muscles. 

(Only the second anterior dorsoventral muscle occurs in Astacus,) 

Musculus dorso-ventralis posterior (dvp, Fig. 6) 

The posterior dorso-ventral muscle is a short moderately stout muscle, 
lying at the lateral side of the head apodeme. It has its origin partly 
on the head apodeme and partly on that part of the anterior fascia which 
covers over the apodeme. It spreads out slightly towards its insertion 
on the carapace on a level with the head apodeme. Its use is obscure, 
but it probably aids in some way in support. 
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Anterior fascia (fa, Fig. 9) 

The anterior fascia lies partly in front of and slightly under, and 
partly on top of the head apodemes. That part which lies in front of 
the apodeme is a dense tendinous mass and serves indirectly to attach 
the muscles of the mandible, and first maxilla and the anterior dorso- 
ventral muscles to the apodemes. The remainder covers the head 
apodemes completely and extends back to the second thoracic segment. 
There is a small opening in the centre just above the posterior part of 
the head apodemes. At the sides it passes between the muscles of the 
appendages and is attached to the epimeral plate. Here it serves for 
the attachment of the posterior dorso-ventral muscle and the median 
part of the anterior thoracic muscle. The whole anterior fascia is only 
loosely attached to the head apodemes. 

(In Astacus this fascia is represented by two groups of muscle fibres 
which Schmidt calls the compressors of the endophragm. These muscles 
unite the mesophragms of the head apodemes of the first and second 
thoracic segments, but they have practically no power of contraction.) 

Posterior fascia 

Just anterior to the last thoracic segment there is a peculiar little 
cross of fibrous material. The two dorsal extremities of this cross are 
attached to the paraphragms of the seventh segment while the ventral 
extremities are attached to the endosternites of the same segment. 
Covering the last thoracic segment there is a thin sheet of tendon. This 
has four arms, two of which go forward to be attached partly to the 
epimeral plate in this region, while the other two pass back to a place 
of attachment in the posterior part of the last thoracic segment. The 
nerve cord rests on this posterior fascia but otherwise its use is obscure. 

B. The Muscles of the Appendages 

Before dealing with the muscles of the appendages in detail, it may 
not be amiss to review briefly the general structure of a Crustacean 
appendage and to indicate the terminology which will be followed. 
This terminology is essentially that used by Schmidt, and, although the 
names of the muscles do not always quite correctly denote their use, 
they have been retained wherever at all possible for the sake of more 
clearly showing homologies. 

The typical appendi^e in Pandalus has a base or protopodite which 
usually consists of two joints, the coxopodite and basipodite. On this 
two branches, the endopodite and exopodite, and frequently a third 
structure, the epipodite, are fixed. The exopodite shows a tendency 
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to disappear and does not occur at all in the walking legs or pereiopods. 
The endopodite, on the other hand, becomes more specialized and in 
the pereiopods consists, typically, of five joints, the ischiopodite, mero- 
podite, carpopodite, propodite and dactylopodite. The first antennae, 
eyes and mandibles are exceptions to all general rules, but special 
variations in the other appendages will be dealt with in the detailed 
description. 

The coxopodite is usually articulated with the body in such a way 
that it rotates about an axis which is perpendicular or somewhat inclined 
to the sagittal plane. The basipodite is articulated with the coxopodite 
so that it rotates about an axis perpendicular to that of the coxop(xlite. 
Thus the articulations of coxopodite and basipodite together have the 
effect of a ball and socket joint. Now, the muscles of the protopodite 
differ from those of the rest of the appendage in that they connect it 
with the body and therefore have been given a special nomenclature. 
Those which move the coxopodite are called the promotor and remotor 
and those which move the basipodite are the depressor and levator. 

In general the joints of the endopodite are articulated similarly to 
those of the protopodite so that one joint rotates about an axis perpen- 
dicular to the axis of rotation of the joint preceding. Where this is the 
case the muscles corresponding in action to those of the coxopodite are 
called the protractor and retractor, and those corresponding to the 
muscles of the basipodite are the adductor and abductor. Other special 
names that are given where necessary will be explained as they occur. 

The Eye (Fig. 6) 

The soft chitinous ring which connects the two eyes is very long, 
so that the eyes themselves are set far apart on the head. Huxley 
considers this middle ring as representing the sternal portion of the 
ophthalmic somite, but Schmidt suggests that it is probably composed 
of the two basal segments of the eyes fused together and this theory is 
certainly supported by the musculature. The second segment is very 
small and the optic cup large in proportion so that the latter can rotate 
easily about the former, and the muscles arc developed accordingly. 

Musculus oculi basalis anterior (oba. Fig. 6) 

This muscle arises medially on the epistoma just behind the oeso- 
phagus between the coxal joints of the second antennae, having its 
origin in a short unpaired tendon. This tendon soon becomes paired and 
changes to two long ribbons of muscle fibres which pass dorsally and 
slightly forward to be inserted side by side dorso-medially on the proximal 
edge of the soft chitinous ring, uniting the optic peduncles. This paired 
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musculature supports Schmidt’s suggestion, referred to above, that the 
middle ring represents the fused basal segments. As the ring is quite 
supple the muscles, attached medially, bend it inwards, thus approxi- 
mating the solid joints attached to it. As the second segment is small 
there is little room for the adductor muscle and consequently most of 
the work of approximating the eyes is done by the anterior basal muscle 
and the attractor. 

Musculus oculi basalis posterior (obp, Fig. 6) 

This muscle has its origin in the same unpaired tendon as the an- 
terior basal muscle. It remains unpaired for about two-thirds of its 
length and then becomes paired, the two parts diverging fairly rapidly 
towards their insertion on the tergal surface of the carapace. Here 
they are attached by two clusters of muscle fibres immediately above 
the point of origin. The use of this muscle is obscure. It occurs in 
practically the same form in A status ^ and Schmidt suggests that it 
protects the supra-oesophageal ganglion by drawing the anterior basal 
muscle back and so keeping it from pressing on the ganglion. It also 
appears, in Pandalus, to act as a support for the oesophageal ganglion 
and the nerves connected therewith. 

Musculus oculi attractor (attr, Fig. 6) 

The attractor is a fairly strong ribbon of muscle fibres arising on 
the ventral side of the middle cylinder near its junction with the second 
joint. Passing obliquely dorsally the two muscles of the pair are in- 
serted close together medially on the dorsal surface of the middle ring. 
Inasmuch as it passes slightly obliquely from the anterior ventral 
surface of the eye stalk to its posterior dorsal surface as well as from the 
lateral side to the middle line, this muscle opposes the rotating action 
of the basal muscles. Further, since the second segment is somewhat 
soft and flexible as well as the middle ring, these two muscles are enabled 
to act as adductors. Probably the second use is the chief one. 

(In Asiacus the attractor is inserted on the dorso-distal side of the 
second segment, and opposes the basal muscles, but is only weakly 
developed.) 

Musculus oculi adductor (add, Fig. 6) 

This is a weak and comparatively unimportant muscle. It runs 
from the dorso-distal edge of the second segment to the edge of the optic 
cup. Probably it is too small to have much effect in the rotation of 
the optic cup, and merely serves as a brake on the action of the abductor 
muscle. 
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Musculus oculi abductor (abd, Fig. 6) 

The abductor arises by a short ligament on the dorso-distal edge of 
the second segment and is inserted on the proximal edge of the optic 
cup near the corneal surface. It moves the eye away from the mid- 
line and somewhat rotates it, thus acting as an antagonist to the com- 
bined actions of the adductor, the attractor and the basal muscles. 

Musculi oculi retractores 

There are four of these retractors all having their origin on the 
supple membrane between the second segment and the optic cup and 
all inserted close to the corneal surface on the sides of the optic cup. 
They approximate the cup to the second segment or rotate it on the base. 

Musculus oculi retractor dorsalis (rd, Fig. 6) 

Arises on the dorsal side of the supple membrane referred to above 
and runs obliquely to its insertion on the dorso-distal sides of the optic 
cup. As well as acting as a retractor this muscle is also a rotator, oppos- 
ing the movement of the medial retractor in this respect. 

Musculus oculi retractor ventralis (rv, Fig. 6) 

This muscle lies opposite the dorsal retractor, but its fibres run 
perfectly straight from the ventral side of the supple membrane to the 
ventral side of the optic cup near the corneal surface. Thus it can only 
act as a retractor. 

Musculus oculi retractor lateralis (rl. Fig. 6) 

The lateral retractor is somewhat shorter than the others but pro- 
bably about equal in strength, 1 1 arises laterally on the supple membrane 
and passes as a broad muscular ribbon to its insertion on the proximal 
side of the optic cup. 

(In Astacus this muscle has two branches.) 

Musculus oculi retractor medialis (rm. Fig. 6) 

This muscle arises on the distal side of the supple membrane and 
passes obliquely to its insertion on the optic cup by the side of the 
dorsal retractor. Its action is probably more that of a rotator, thus 
opposing the action of the dorsal retractor, than of a retractor. 

(In Astacus this muscle is very weak.) 

The First Antenna (Fig. 7) 

The first antenna varies somewhat from the other appendages in 
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that it is, on the whole, more flexible and it has no strictly biramous 
character. Huxley is one of the few writers that consider the two 
flagella as representing the exopodite and endopodite, and his views 
are not supported by the muscles. The first segment is rotated about 
an axis perpendicular to the sagittal plane, so that the muscles that move 
it can rightly be called the promotor and remotor. The other joints, 
however, do not fit into the general plan and cannot be considered as 
representing a changed basipodite. 

Musculus promotor I antennae (prom, Fig. 7) 

This muscle has its origin at the lateral corner of the three cornered 
aperture which unites the interior of the body with the interior of the 
first antenna. It is attached by a very short tendon dorso-laterally on 
the proximal edge of the first joint. It moves the first antenna in the 
sagittal plane. 

Musculus remotor a I antennae (rem a. Fig. 7) 

This remotor has its origin in a very short tendon on the ventral 
side of the proximal edge of the first joint near the middle line. It 
spreads out to be attached by a broad surface to the middle of the ventral 
side of the same joint. It acts as an antagonist to the promotor. 

Musculus remotor b I antennae (rem b, Fig. 7) 

This muscle arises by the side of remotor a and is inserted on the 
ventral side of the first joint medially to remotor a. It is much weaker 
than remotor a; which it assists in function. 

Musculus productori I antennae (prodt, Fig. 7} 

This muscle arises laterally in the distal half of the first joint by a 
fairly broad surface, and is inserted on the proximal edge of the second 
joint without a tendon. It moves the second joint dorsally in the 
sagittal plane. 

Musculus reductori I antennae (redi, Fig. 7) 

It arises medially in the middle of the first joint, on the ventral side 
of the adductor muscle and close to its origin. It is inserted ventro- 
medially on the proximal edge of the second joint, and opposes pro* 
ductors in its function. 

Musculus productort I antennae (prodi, Fig. 7} 

Arises medially in the proximal part of the second joint and is in* 
serted by a short tendon dorso-laterally on the proximal edge of the 
third joint. It moves the third segment dorsally in the sagittal plane. 
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Musculus reductori I antennae (redi, Fig. 7) 

Arises without a tendon on the dorso-medial side of the second joint 
and is attached medially by a short tendon to the proximal edge of the 
third segment. It opposes productori in its function and approximately 
equals it in strength. 

Musculus abductora I antennae (abds* Fig. 7) 

Arises ventrally in the proximal half of the second joint and is 
inserted ventro-laterally on the proximal edge of the third joint. It 
moves the latter horizontally away from the median plane and helps 
to oppose the action of the adductor muscle. The third segment has 
only one point of articulation so that it can be moved in four directions 
and somewhat rotated. 

Musculus reductor 4 I antennae (redi, Fig. 7) 

Arises medially on the proximal edge of the third joint. It has two 
distinct branches which are inserted one at each side of the proximal 
edge of the first joint of the olfactory flagellum. It moves the flagellum 
ventrally or, by contracting one branch at a time, can move it laterally 
or rotate it somewhat. There are no special muscles within the flagella. 

Musculqs adductor I antennae (add, Fig. 7) 

This muscle arises by a broad surface on the medial side of the first 
segment, proximal and dorsal to the origin of reductora. It runs up 
the ventral side of the antenna to be inserted ventrally about the middle 
of the third joint by a very short tendon. A branch is given off in the 
second segment which is inserted medially by a short tendon on the 
proximal edge of the third segment. It moves the whole antenna, 
especially the third joint and the olfactory flagellum, medially in the 
horizontal plane. 

(Schmidt docs not mention this muscle as occurring in Astacus.) 

Musculus abductor a I antennae (abd a, Fig. 7) 

Arises, without a tendon, dorso-laterally on the proximal edge of 
the first segment. It spreads out a little and then narrows to be inserted 
without a tendon on the ventral side of the first segment just where the 
lateral expansion joins the main body of the segment. It opposes the 
adductor muscle in its action. 

Musculus abductor b I antennae (abd b, Fig. 7) 

This muscle has the same origin as abductor a, which it assists in 
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its action, but is a much shorter muscle with fewer fibres and is inserted 
on the dorsal side of the first segment. 

(Neither abductor a nor abductor b are mentioned in Schmidt’s 
account of Astacus.) 


The Second Antennae (Fig. 8) 

Of all the head appendages the second antenna has the greatest 
number of joints, and consequently the greatest degree of mobility. The 
whole antenna is very large with a big basipodite and a broad well- 
developed squame, hence the extra size of the muscles that move these. 

Schmidt considers the first segment of this antenna in Astacus as 
representing the united ischiopodite and meropodite, and it does appear 
to be divided. No such division is visible in Pandalus and the muscles 
which move this segment are reduced to one pair of antagonists. It 
was obvious, however, that the muscles hereafter called musculus 
meropoditis and musculus ischiopodilis are homologous with the muscles 
so named in Astacus. I have, therefore, retained these names for the 
present, and considered the ischiopodite and meropodite as being com- 
pletely fused. The flagellum probably represents the dactylopodite. 

Musculus promotor II antennae (prom. Fig. 8; prom II Ant, Fig. 1) 

Arises by a broad surface on the dorsal carapace of the head just 
ventral to the base of the eyes and is inserted by a short strong tendon 
laterally on the proximal edge of the coxopodite. It moves the coxopodite 
forward or raises it. 

Musculus remotor II antennae (rem. Fig. 8; rem II Ant, Fig. 1) 

This muscle is much stronger than its antagonist, the promotor. It 
arises on the dorsal carapace just in front of the origin of the lateral 
branch of the anterior thoracic muscle. It passes ventrally to be 
inserted without a tendon on the ventral side of the proximal edge of 
the coxopodite. It not only acts as an antagonist to the promotor, but 
also somewhat as an abductor, thus opposing depressor b. 

Musculus levator II antennae (lev. Fig. 8) 

This muscle arises on the lateral side of the coxopodite ai^ passes 
horizontally to the mid-ventral side of the proximal edge of the basi- 
podite. It is a short, thick, strong ribbon of muscle fibres. It moves 
the basipodite outwards. It is peculiar in that it arises within the 
appendage. 
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Musculi depressores II antennae 

In Pandalus there are only three depressors although there are four 
in Astacus. As the basipodite is easily movable they rotate it. 

Musculus depressor all antennae (depr a, Fig. 8) 

This is a strong compact muscle situated entirely in the median part 
of the coxopodite. It arises ventro-medially in the proximal part of 
the coxopodite and is inserted ventro-medially on the proximal edge of 
the basipodite. It moves the basipodite towards the mid-line. 

Musculus depressor b II antennae (depr b, Fig. 8) 

Arises on the anterior end of the epistoma and is inserted ventro- 
medially on the proximal edge of the basipodite near the insertion of 
depressor a. Besides assisting the other depressors it somewhat opposes 
the remotor. 

Musculus depressor c II antennae (depr c, Fig. 8; depr c II Ant, Fig. 1, 2) 

This muscle is far the largest of any of the muscles connecting appen- 
dages with the body. It arises in the dorsal part of the cephalothorax 
and occupies most of the space between the stomach and the side of 
the head cavity. Passing medio-ventrally it is inserted by a short 
strong tendon medio-dorsally on the proximal edge of the basipodite 
close to the insertion of depressor a. It moves the basipodite inwards 
and upwards thus acting as an adductor and rotator to the whole antenna. 

(In Astacus this muscle is quite weak.) 

Musculus exopoditis adductor a II antennae (ex add a, Fig. 8) 

This muscle has its origin on the medio-dorsal side of the basipodite. 
A short branch is inserted on the proximal edge of the exopodite or 
squame. The remainder of the muscle is inserted along the middle of 
the squame for about half its length on the dorsal side. 

Musculus adductor exopoditis b II antennae (ex add b, Fig. 8) 

Arises on the soft connection between the exopodite and the basipo- 
dite near the point of articulation. It is inserted along the mid -line of 
the squame on the ventral side. The two adductors pull the squame 
inwards and upwards. 

Musculus exopoditis abductor II antennae (ex abd, Fig. 8) 

Arises ventrally in the proximal part of the basipodite. It lies on the 
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ventral side of the basipodite and is inserted ventrally in the proximal 
part of the exopodite. The whole muscle is a very strong ribbon of 
fibres. It acts as an antagonist to the adductors. 

Musculus reductor ischiopoditis II antennae (red i. Fig. 8) 

Arises ventrally in the basipodite near the origin of the abductor of 
the exopodite. It is inserted ventrally on the proximal edge of the 
first joint of the endopodite near the carpopodite. It is a flat muscle 
running parallel with the abductor of the exopodite. It moves the first 
joint partly ventrally in the sagittal plane and partly medially. 

Musculus meropoditis II antennae (mer, Fig. 8) 

It has its origin on the dorso-lateral side of the basipodite, and is 
inserted, slightly diminished in size, on the proximal edge of the first 
joint of the endopodite in the middle of the ventral side. It opposes 
the action of the reductor of the ischiopodite. 

Musculus carpopoditis II antennae (carp, Fig. 8) 

There is only one muscle moving the carpopodite, which almost 
fills the segment in which it occurs. It arises in the proximal part of the 
first joint of the endopodite and is inserted dorsally in the middle of 
the proximal edge of the carpopodite. As a matter of fact the carpopo- 
dite is only visible on the ventral side, and as the propodite practically 
unites dorsally with the first joint of the endopodite, this muscle might 
just as well be said to be inverted on the proximal edge of the propodite. 
It produces an elevation of the carpopodite and with it the propodite. 

(In Astacus there are two muscles moving the carpopodite.) 

Musculus propoditis II antennae (prop, Fig. 8) 

This is a broad but fairly weak ribbon of fibres covering the ventral 
side of the carpopodite. It has its origin on the ventral proximal edge 
of the carpopodite and is inserted on the ventral proximal edge of the 
propodite. As the first joint of the endopodite and the propodite are 
united dorsally this muscle really acts as an antagonist to the muscle 
of the carpopodite. 

Musculus flexor dactylopoditis II antennae (flex 5, Fig. 8) 

Arises dorso-laterally in the proximal half of the propodite and is 
inserted laterally on the proximal edge of the flagellum by a very short 
tendon. It moves the flagellum outwards. 
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Musculus extensor dactylopoditis II antennae (ext 5, Fig. 8) 

Arises medio-ventrally in the proximal part of the propodite and is 
inserted medially on the proximal edge of the flagellum by a very short 
tendon. It is the antagonist of the flexor of the flagellum or dacylo- 
podite. 


The Mandible (Fig. 9) 

As with the eyes and the first antenna, the mandible cannot be fitted 
into a general plan of musculature. The main body of the mandible 
consists of a specialized protopodite, but it is firmly fixed by two points 
of articulation (x and xx, Fig. 9), so that it has no power of rotation. 
Hence it is impossible to work out the homologies of the muscles that 
move it with the muscles that move the protopodite in other appendages, 
and the simple terms adductor and abductor are used instead. 

In Astacus the same muscles are found to move the mandible as 
occur in Pandalus, but they vary considerably in their relative import- 
ance. Muscles also occur within the palp in Astacus which are missing in 
Pandalus, 


Musculus abductor mandibulae (abd, Fig. 9) 

Arises as a very large tendon which is a lateral continuation of the 
anterior fascia (fai, P'ig. 9). It is inserted by a broad band of muscle 
fibres on the dorso-lateral part of the mandible on the inner side. This 
muscle is very strong and quite conspicuous. 

Musculus adductor posterior mandibulae (add p, Fig. 9) 

Arises on the dorsal surface of the carapace posterior to the insertion 
of the anterior dorso-ventral muscles, by a small cluster of muscle fibres. 
It proceeds as a long thin tendon to its insertion on the caudal proximal 
edge of the mandible. 

(In Astacus this muscle is very strong and is the principal adductor.) 

Musculus adductor anterior mandibulae (add a. Fig. 9) 

This is the most important of the mandibular muscles. It arises 
without a tendon ventro-laterally partly on the anterior fascia (fai) 
and partly on the head apodeme and is inserted ventrally on the inner 
side of the mandible. It occupies a large part of the interior of the 
mandible. It approximates the masticatory surfaces, in which action 
it is assisted by the posterior adductor. 

(In Astckcus this muscle is comparatively weak.) 
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Musculi adductores laterales mandibulae (add 1, Fig. 9) 

There are two of these on the lateral side of the mandible. They 
arise laterally on the head carapace and are inserted on the dorso-lateral 
side of the mandible. The posterior is much the stronger of the two 
and has its origin more dorsally than the anterior. They assist the 
anterior adductor in its function. 

Musculus flexor palpi mandibulae (flex p, Fig. 9) 

This muscle arises on the medial side of the mandible just where the 
mandibular process joins the main body. It is inserted on the medial 
proximal edge of the first segment of the palp, which it moves towards 
the median plane. 

Musculus extensor palpi mandibulae (ext p, Fig. 9) 

It arises on the ventral side of the body of the mandible near the 
origin of the flexor and is inserted on the lateral proximal edge of the 
first segment. It is about the same size as its antagonist, the flexor. 

The First Maxilla (Fig. 10) 

In the first maxilla the exopodite has vanished and the endopodite 
(En, Fig. 10) is reduced to an unsegmented remnant. The two joints 
of the protopodite, however, are well developed and are used in the 
reception of food. The coxopodite has no firm articulation so that it can 
rotate freely and other muscles besides the promotor and remotor appear 
to help in this rotation. 

Musculus promotor I maxillae (prom. Fig. 10) 

Arises laterally on the anterior fascia and passes dorso-laterally as 
a flat ribbon of muscle to its insertion in the proximal part of the coxo- 
podite. It raises and rotates the coxopodite. 

Musculus remotor (a and b) I maxillae (rem [a and b), Fig. 10) 

There are two branches, both without tendinous material, and both 
inserted in the proximal part of the coxopodite ventral and medial to 
the promotor. The dorsal branch (rem a. Fig. 10) arises by the side of 
the promotor and the anterior fascia and spreads out slightly toward 
its insertion. The ventral branch (rem b, Fig. 10) has its origin on the 
anterior fascia posterior to that of the promotor. It is cylindrical in 
form and the stronger branch of the two. The two branches together 
oppose the action of the promotor. 
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Musculus adductor lateralis coxopoditis I nicLxillae (add 1 c, Fig. 10) 

Arises laterally on the head carapace near the angle between the 
carapace proper and the head apodeme. It passes as a broad ribbon to 
be inserted without a tendon on the medio-dorsal side of the coxopodite. 
It elevates the medial part of the coxopodite and moves it towards the 
opening of the mouth. 

Musculus adductor medialis coxopoditis I maxillae (add m c, Fig. 10) 

The origin is on the lateral side of the anterior fascia and the in- 
sertion is on the medial side of the distal part of the coxopodite. This 
muscle lies ventral to all the others in the appendage. It assists the 
lateral adductor in its action. 

Musculus abductor coxopoditis I maxillae (abd c, Fig. 10) 

This muscle arises laterally on the head carapace just ventral to the 
origin of the lateral adductor. It is cylindrical in form and without a 
tendinous structure. It acts as an antagonist to the adductors. 

Musculus levator I maxillae (lev, Fig. 10) 

Arises laterally on the anterior fascia ventral and anterior to the 
origin of the promotor and is inserted medio-dorsally on the proximal 
edge of the basipodite. It is a flat ribbon without tendinous material. 
It moves the basipodite upwards and inwards about an axis a little 
inclined to the sagittal plane. 

Musculus depressor I maxillae (depr, Fig. 10) 

This muscle is somewhat stronger than its antagonist, the levator. 
It lies ventral and parallel to the levator. The origin is on the anterior 
fascia ventral and anterior to that of the levator and it is inserted 
medio-ventrally on the proximal edge of the basipodite. 

Musculus adductor endopoditis (add, end) 

This muscle is a flat, fan-shaped, thin ribbon of fibres which has its 
origin on the dorsal proximal edge of the basipodite, and is inserted in 
the proximal half of the endopodite. It produces an approximation of 
the endopodite to the median line but has no muscle opposing it. 

The Second Maxilla (Fig. 11) 

As in the first maxilla this appendage is much flattened and is used 
for food reception. Again both coxopodite and basipodite are well 
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developed, especially the latter. The endopodite (En, Fig. 11) is reduced 
to an unsegmented remnant. As in the first maxilla there is no definite 
hinge joint between the coxopodite and the body-wall, hence a certain 
amount of rotation is possible and there is an adductor as well as the 
regular muscles of the protopodite. In addition to the ordinary parts 
there is a long, boomerang-shaped expansion, the scaphognathite, which 
extends back over the gills and moves in an S-shape, thus keeping a 
stream of water passing through the branchial chamber. In connection 
with this scaphognathite there is a special group of muscles, the respira- 
tory muscles, and two flexors. 

The scaphognathite has been variously interpreted as an epipodite, 
an exopodite or a combination of epipodite and exopodite. A study of 
the muscles seems to suggest that this last is the true interpretation. 
The epipodite in the first maxilliped is superficially very similar to the 
scaphognathite but it contains no muscles that correspond to the flexors 
of the scaphognathite. Now the exopodite of the first maxilliped in 
Astacus contains an abductor of the flagellum which very closely re- 
sembles the superior flexor of the scaphognathite in Pandalus. In 
Pandalus the abductor of the flagellum is much reduced while the 
superior flexor is lacking in Astacus although both animals possess an 
inferior flexor of the scaphognathite. Hence the homology between 
the exopodite of the first maxilliped and the anterior part of the scaphog- 
nathite is more clearly shown by comparing the mouth parts of the 
two forms. Now the epipodite of the first maxilliped is moved by two 
attractors which bear a striking resemblance to the respiratory muscles 
moving the posterior part of the scaphognathite especially musculus 
respiratorius quintus (re, Fig. 11) and musculus respiratorius septimus 
(rg, Fig. 11). It would appear, then, that the anterior part of the 
scaphognathite represents the exopodite and the posterior part repre- 
sents the epipodite. 

Musculus promotor II maxilla (prom, Fig. 11) 

This is a cylindrical muscle which has its origin on the endopleurite, 
and narrows rapidly to be inserted by a thin strong tendon on the 
proximal edge of the coxopodite. It moves the latter dorso-medially. 

Musculus remotor II maxillae (rem, Fig. 11) 

Arises by a broad surface on the epimeral plate between the last 
cephalic and the first thoracic segments. It narrows to a long, thin, 
strong tendon which passes between the respiratory muscles to its 
insertion on the proximal edge of the coxopodite, ventral and lateral to 
the promotor. It moves the coxopodite dorso-laterally but appears to 
be much stronger than its antagonist, the promoter. 
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Musculus adductor coxopoditis II maxillae (add c, Fig. 11) 

This is a very small muscle. It has its origin in a tendon on the 
endosternite just ventral to the depressor and is inserted by a tendon 
on the proximal edge of the coxopodite close to the promotor. It moves 
the coxopodite medially and assists the promotor to oppose the remotor. 

Musculus depressor II maxillae (depr. Fig. 11) 

This muscle arises on the ventro-medial part of the endosternite 
near the adductor and breaks through the coxopodite to be inserted on 
the proximal edge of the basipodite. It moves the basipodite inwards 
in the horizontal plane. 

(In Astacus this muscle has two branches.) 

Musculus adductor endopoditis II maxillae (add end, Fig. 11) 

This is a flat ribbon of fibres arising in the proximal part of the 
basipodite and inserted in the medio-distal part of the endopodite. It 
moves the endopodite inwards in the horizontal plane and its only 
antagonist is the membrane at the base. 

Musculus flexor scaphognathitis inferior II maxillae (flex seg sup, Fig. 11) 

It arises laterally in the proximal part of the basipodite as a flat 
ribbon of fibres and spreads out inside the scaphognathite to its insertion 
on the ventral side. It is irregularly branched. It bends the anterior 
part of the scaphognathite dorsally and inwards. 

Musculus flexor scaphognathitis superior 1 1 maxillae (flex seg sup, Fig. 11) 

Arises laterally in the distal part of the basipodite and is attached 
on the medial side of the scaphognathite. It is unbranched. Apparently 
it assists the inferior flexor in its work of bending the scaphognathite. 

(This muscle does not occur in Astacus.) 

Musculi respiratorii II maxillae (r [a, b, d, e, f, g], Fig. 11) 

These muscles form the principal mass of musculature in the second 
maxilla and combine with the flexor and extensor of the scaphognathite 
to move the latter in an S shape over the gills and so help in respiration. 
They also act to some extent as antagonists of the depressor. 

The first of these muscles, musculus respiratorius primus (ra, Fig. 11) 
arises dorso-laterally on the anterior edge of the endopleurite. It is 
inserted dorsally on the distal edge of the swelling in the skeleton pro- 
duced by this mass of muscles. The second muscle, musculus respira- 
torius secundus (rb, Fig. 11) appears to represent both the second and 
third muscles as they occur in Astacus, It proceeds under the first 
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muscle, narrowing somewhat, and is inserted on the lateral proximal 
side of the skeletal swelling. To avoid re-naming I have called that 
muscle which is really the third in Pandalus the musculus respiratorius 
guartus^ because it is evidently homologous with the muscle bearing 
that name in Astacus. Similarly that muscle which is fourth in Pandulus 
has been called musculus respiratorius quinius, and so on. The fourth 
respiratory muscle, then (rd. Fig. 11) arises medio-dorsally on the 
endopleurite, ventral to the second muscle and is inserted laterally 
on the distal part of the skeletal swelling. This muscle and the sixth 
are the two strongest of the whole group. The fifth muscle, musculus 
respiratorius quintus (re, Fig. 11) lies under the fourth and runs almost 
parallel with it. It arises on the ventro-medial part of the endosternite, 
by the side of the depressor, and is inserted under the fourth muscle in 
the distal part of the skeletal swelling. The sixth muscle, musculus 
respiratorius sextus (rf, Fig. 11) is the largest muscle in the group. It 
has its origin on the endosternite partly ventral to the fifth muscle and 
the depressor, and partly anterior to them. It lies ventral to all the 
other muscles and is inserted ventro-laterally in the proximal part of 
the skeletal swelling, ventral to the second muscle. The seventh muscle 
(rgi Fig. 11) has its origin on the distal edge of the coxopKKlite and 
passes under the fourth muscle to be inserted ventrally at the distal 
end of the skeletal swelling. In Astacus this seventh muscle has its 
origin on the endosternite. The resemblance between the seventh 
muscle and the attractor of the mastigobranchia or epipodite which 
occurs in the maxillipeds and pereiopods is very striking. 

The First Maxilliped (Fig. 12) 

The first maxilliped more closely resembles the maxillae than a 
typical thoracic appendage. The joints only show a weak tendency to 
be hinged. The coxopodite and basipodite are immovably fused together 
in a way that does not occur as strongly in any other thoracic appendage, 
though there is a slight tendency of a similar kind in the second maxilli 
ped. The basal segment of the exopodite shows the wide extension, or 
lobe of Boas, which is characteristic of all Caridea. One attractor of the 
epipodite, that which moves the anterior part (attr ep b. Fig. 12) only 
occurs in this appendage while the other attractor, that which moves 
the posterior part (attr ep a, Fig, 12) persists throughout the maxillipeds 
and all the pereiopods but the last; in fact it is found in every thoracic 
appendage which bears an epipodite or that special kind of epipodite, 
the mastigobranchia. Now it has been shown that in the development 
of Penaeus three bud-like outgrowths appear on the proximal part of 
most of the thoracic limbs. The most distal of these early becomes 
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bilobed. It is believed that in the second maxilliped the distal lobe, 
which lies in front of the proximal one, develops into the podobranch 
and disappears in the other appendages, while the proximal lobe becomes 
the epipodite. Then in the first maxilliped the distal lobe remains simple 
and becomes the distal part of the laminar epipodite. This theory is 
supported by the muscles, for it is only in the first maxilliped that the 
distal lobe forms part of the epipodite and this is the only appendage 
that contains the tnusculus attractor epipoditis b. None of the muscles 
show chitinous tendons. 

Musculus promotor medialis I pedis maxillaris (prom rn. Fig. 12) 

This muscle arises on the ventral side of the fused paraphragms of 
the first and second thoracic segments, and is inserted medio-dorsally 
on the proximal edge of the coxopodite. It is far the strongest muscle 
in the appendage. It moves the coxopodite upward or forward, and in 
toward the mid-line. 

Musculus promotor lateralis I pedis maxillaris (prom 1, Fig. 12) 

It has its origin near the medial promotor on the ventral side of the 
paraphragms, and is inserted rostro-laterally on the proximal edge of the 
coxopodite. It opposes the medial promotor in its action as an adductor, 
but assists it in raising the appendage. 

Musculus remotor I pedis maxillaris (rem, Fig. 12) 

It arises ventrally on the endosternite and passes under the medial 
promotor and the attractor of the epipodite. Its insertion is near that 
of the lateral promotor on the rostro-lateral side of the proximal margin 
of the coxopodite. It opposes both promotors in their action of raising 
the appendage, but assists the lateral promotor to oppose the adductor 
action of the medial promoter. 

(Schmidt specially comments on the absence of this muscle in .4 j/act/5.) 

Musculus attractor epipoditis a I pedis maxillaris (attr ep a, Fig. 12) 

This muscle arises laterally on the distal edge of the coxopodite and 
ti inserted on the medial side of the epipodite where it is attached to 
she coxopodite. It raises the proximal end of the epipodite. 

Musculus attractor epipoditis b I pedis maxillaris (attr ep b, Fig. 12) 

It arises on the ventral side of the paraphragm just under the origin 
of the medial promotor and is inserted on the medial side of the epipo- 
dite near the insertion of the attractor a. It is a fairly strong muscle, 
and raises the epipodite, especially the distal end. 

(Schmidt considers that this muscle may be derived from the remotor 
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which is lacking^ in A status. Since the remotor is present, however, in 
Pandalus, this is manifestly impossible.) 

Musculus levator I pedis maxillaris (lev, Fig. 12) 

Arises medially in the proximal part of the coxopodite, and is inserted 
laterally on the proximal edge of the basipodite. It moves the latter 
outward about an axis perpendicular to the transverse plane. 

Musculus depressor I pedis maxillaris (depr, Fig. 12) 

Arises medially in the proximal part of the coxopodite and is inserted 
medially on the proximal edge of the basipodite. It opposes the levator. 

Musculus adductor endopoditis a I pedis maxillaris (add end a, Fig. 12) 

It has its origin close to that of the levator in the proximal part of 
the coxopodite, and is inserted on the proximal edge of the endopodite. 
It moves the endopodite inward and downward, and, since the endo- 
podite and exopodite are joined to a considerable degree, it also acts 
as an antagonist to the adductor of the exopodite. 

(Schmidt calls this muscle the reductor of the endopodite, but does 
not mention the other adductor of the endopodite, nor the adductor of 
the exopodite.) 

Musculus adductor endopoditis b I pedis maxillaris (add end b, Fig. 12) 

This is a very small muscle having its origin on the lateral side of 
the basipodite, and its insertion in the middle of the proximal half of the 
endopodite. It moves the endopodite and with it the exopodite toward 
the mid-line. 

Musculus adductor exopoditis I pedis maxillaris (add ex, Fig. 12) 

This is a fairly large muscle having its origin in the proximal part 
of the coxopodite close to the levator. It runs more or less parallel 
to the reductor of the endopodite to its insertion on the proximal edge 
of the exopodite. It moves the latter inward and upward, in which 
it is assisted by the adductor of the endopodite. 

Musculus abductor exopoditis I pedis maxillaris (abd ex, Fig. 12) 

It arises laterally on the proximal edge of the basipodite and runs 
along the proximal edge of the exopodite to its insertion in the middle 
of the proximal edge of the exopodite. It opposes the adductor of the 
exopodite. 

Musculus abductor flagelli exopoditis 1 pedis maxillaris (abd fl, Fig. 12) 

This muscle is reduced to the merest vestige. It consists of a few 
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short fibres situated medially in the basal lobe of the exopodite. 1 1 arises 
on the ventral side a short distance below the base of the flagellum and 
is inserted at the base of the flagellum. It is so small and weak that it 
can have but little use. 

Musculus flagellaris exopoditis I pedis maxillaris (flag, Fig. 12) 

This muscle arises in the basal lobe and more or less fills the flagellum 
up which it passes almost to the tip, giving off fibres at each annulation. 
It bends the flagellum in all directions. 

(In Asiacus this muscle arises in the first segment of the flagellum. 
A consideration of this fact and the position of the remnant of the 
abductor flagelli seems to suggest that this basal lobe consists of the 
true basal segment and the first joint of the flagellum fused together.) 

The Second Maxilliped (Fig. 13) 

In the second maxilliped true hinge joints first appear, especially in 
the endopodite. The exopoclite is reduced to an annulated flagellum. 
The first segment of the endopodite is completely fused with the basipo- 
dite and shows no musculature. Unlike the muscles of the third maxilli- 
ped and the pereiopods none of the muscles of the second maxilliped 
except those of the dactylopodite show any tendinous parts. There is a 
flat epipodite and a podobranchia. 

(In Astacus there is no epipodite, the muscles are inserted by tendons, 
and the exopodite is jointed rather than annulated.) 

Musculus promotor II pedis maxillaris (prom, Fig. 13) 

The origin is on the endosternite, and it is inserted medially in the 
distal part of the coxopodite. It lies ventral to the two branches of 
the depressor. It moves the coxopodite forward and inward toward 
the median line. 

Musculus remotor II pedis maxillaris (rem. Fig. 13) 

Has its origin on the lateral side of the endosternite and passes 
under the levator to be inserted laterally in the distal part of the coxo- 
podite. It has somewhat the same form and size as its antagonist, the 
promotor. 

Musculus levator (a and b) II pedis maxillaris (lev [a and b]. Fig. 13) 

This muscle has two branches which arise quite separately but are 
inserted close together. The principal branch (lev a. Fig. 13) takes its 
origin mostly on the ventral side of the paraphragm and a little on the 
endosternite. It is fixed laterally to the proximal edge of the basipod ite. 
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The smaller branch (lev b, Fig. 13) arises rostro-medially on the proximal 
edge of the coxopodite and is inserted by the side of the principal branch. 
The two branches together move the basipodite outward and forward. 

Musculus depressor (a and b) II pedis maxillaris (depr [a and b], Fig. 13) 

As in the levator so in the depressor there are two branches, one 
arising in the body and the other in the coxopodite. The main branch 
(depr a, Fig. 13) arises partly on the ventral side of the paraphragm 
near levator a and partly on the lateral part of the endosternite. It is 
inserted medially on the proximal edge of the basipodite. The smaller 
branch (depr b, Fig. 13) has its origin medially on the proximal edge of 
the coxopodite near levator b and is inserted on the proximal edge of 
the basipodite just dorsal to the insertion of the main branch. The two 
branches work together to move the basipodite inward and backward. 

Musculus attractor epipoditis II pedis maxillaris (attr ep, Fig. 13) 

This muscle arises laterally on the distal edge of the coxopodite and 
is inserted on the proximal edge of the epipodite. It moves the epipodite 
upward and backward about an axis somewhat inclined to the sagittal 
plane. 

Musculus flagellaris exopoditis 11 pedis maxillaris (flag, Fig. 13) 

This muscle arises on the proximal edge of the basipodite and passes 
up the flagellum for the greater part of its length giving off fibres at each 
annulation. It bends the flagellum. 

It appears to represent both the abductor flagelU exopoditis and the 
flagellaris exopoditis of Astaciis. 

Musculus productor meropoditis II pedis maxillaris (prod}, Fig. 13) 

It arises ventrally in the proximal part of the fused ischiopodite and 
basipodite, and is inserted dorso-lateraily on the proximal edge of the 
meropodite. It moves the meropodite forward. 

Musculus reductor meropoditis II pedis maxillaris (redt. Fig. 13) 

This muscle is approximately the same size as its opponent, the 
productor of the meropodite. It arises medially by a broad surface on 
the dorsal side of the fused basipodite and ischiopodite. It narrows 
somewhat towards its insertion, which is in the ventro-medial part of 
the proximal edge of the meropodite. 

Musculus abductor carpopoditis II pedis maxillaris (abdt, Fig. 13) 

It takes its origin dorso>laterally on the proximal edge of the mero- 
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podite and is inserted laterally on the proximal edge of the carpopodite. 
It moves the latter outward about an axis perpendicular to the trans- 
verse plane. 

Musculus adductor carpopoditis II pedis maxillaris (adds, Fig. 13) 

It arises ventro-laterally on the proximal edge of the meropodite 
under its antagonist, the abductor of the carpopodite which it approxi- 
mately equals in size. It narrows somewhat and is inserted medially 
on the proximal edge of the carpopodite which it moves inward. 

Musculus productor propoditis II pedis maxillaris (prod 4 , Fig. 13) 

It arises dorso-laterally on the proximal edge of the carpopodite and 
passes diagonally across the segment to be inserted dorso-medially on 
the proximal edge of the propodite. It moves the propodite forward. 

Musculus rcductor propoditis II pedis maxillaris (redi, Fig. 13) 

This is very similar to its antagonist, the productor of the propodite, 
in size and shape. It arises on the ventro-lateral side of the carpopodite 
and is inserted ventro-medially on the proximal edge of the propodite. 

Musculus productor dactylopoditis II pedis maxillaris (prods. Fig. 13) 

It arises in the middle of the ventral side on the proximal edge of 
the propodite. It is strongly flattened and narrows somewhat rapidly 
to be inserted by a strong tendon in the middle of the ventral side of 
the dactylopodite. It moves the latter forward. 

Musculus reductor dactylopoditis II pedis maxillaris (reds, Fig. 13) 

This is a broader muscle than its antagonist, the productor, but not 
appreciably stronger. It has its origin ventro-medially near the proximal 
edge of the propodite, and is inserted about the middle of the ventral 
side of the dactylopodite by a short tendon. 

The Third Maxilliped (Fig. 14) 

This maxilliped is very different from the other two in that it is 
pediform instead of being a mouth part. The exopodite has completely 
disappeared and with it, of course, the muscles that move it. The 
epipodite is present and has that special form to v/hich Lankaster gives 
the name *'mastigobranchia.** That is to say it is a curved bar with 
a wide head fringed with setae at the end where it joins the coxopodite, 
and with a hook on the other end which grasps a bundle of very long 
setae, the coxopodic setae, on the next posterior appendage. Only the 
head of this bar is shown in the diagram. Evidently the hook is moved 
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up over the coxopodic setae and probably cleans them. Just why this 
is necessary is not clear, but it has been suggested that the setae have a 
respiratory function. The reduction in the number of segments in the 
endopodite is typical of the Caridea. The ischiopodite seems to have 
disappeared and the meropodite has fused with the basipodite. The 
dactylopodite is also missing altogether. 

Musculus promotor III pedis maxillaris (prom, Fig. 14) 

Since the third maxilHped is pediform one would naturally expect the 
muscles to be more like those of the pereiopods than those of the second 
maxilliped. This tends to be the case in all the muscles moving the 
protopodite, but is more obviously so in the promotor than in any other 
muscle. Instead of arising only on the paraphragm or the endosternite 
it has its origin on the epimeral plate. It is a fairly large leaf-shaped 
muscle and is inserted rostro-mcdially on the coxopodite by a short, 
strong tendon. It moves the coxopodite forward. 

Musculus remotor III pedis maxillaris (rem. Fig. 14) 

This muscle has its origin laterally on the endosternite and is in- 
serted without a tendon caudo-laterally on the proximal edge of the 
coxopodite. It is much weaker than its opponent, the promotor, and 
closely resembles the remotor of the second maxilliped. 

Musculus levator (a, b and c) III pedis maxillaris (lev [a, b and c], Fig. 14) 

The levator has one principal branch and two smaller branches. 
The main branch (lev a, Fig. 14) arises on the ventral part of the endo- 
sternite and is inserted rostro-laterally on the basipodite by a large, 
strong tendon. Its insertion is further strengthened by a wing-like 
extension of the wall of the basipodite. The small median branch (lev b, 
Fig. 14) has its origin rostro-medially on the proximal edge of the coxo- 
podite near the insertion of the promotor. It joins the main branch and 
is inserted with it. The lateral branch (lev c. Fig. 14) is almost as big 
as the main branch. It arises rostro-laterally partly in the proximal 
part of the coxopodite and partly on the epimeral plate, and is inserted 
by the same tendon as the other two branches. The whole levator moves 
the basipodite outward and forward, about an axis somewhat inclined 
inward toward the transverse plane. 

Musculus depressor (a and b) III pedis maxillaris (depr [a and b]) 

This muscle is distinctly stronger than its opponent, the levator, but 
has only two branches although one of these is much rebranched. The 
smaller of these two branches (depr b. Fig. 14) arises partly on the 
ventral part of the endosternite, and partly rostro-medially on the 
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proximal edge of the coxopodite. It is inserted rostro-mcdially on the 
proximal edge of the basipodite just by the insertion of the main branch. 
The bulk of this main branch (depr a, Fig. 14) has its origin laterally 
on the epimeral plate. Some of the fibres a»'ise on the ventral side of 
the paraphragms (depr a^, Fig. 14), some on the endosternite, some 
caudally in the middle of the proximal edge of the coxopodite, and a 
side branch (depr ai. Fig. 14) has its origin caudo-laterally in the proximal 
part of the coxopodite. All these parts of the main branch unite and 
are inserted by a long, strong, chitinous tendon caudo-medially on the 
proximal edge of the basipodite. The whole depressor moves the basi- 
podite, and with it the united ischiopodite and meropodite, inward and 
somewhat backward. 

Musculus attractor mastigobranchia III pedis maxillaris (attr mast, 

Fig. 14) 

This muscle is homologous with the attractor of the epipodite in the 
second maxilliped. It has its origin laterally on the distal edge of the 
coxopodite and is inserted on the proximal edge of the flattened head of 
the mastigobranchia. It raises the mastigobranchia and moves the 
whole curved rod dorsally, so that the little hook on the end briLshes up 
over the coxopodic setae. 

Musculus productor carpopoditis III pedis maxillaris (prcxls*, Fig. 14) 

As already stated the basipodite, ischiopodite and meropodite are 
fused together, so that the first muscles of the endopodite are those 
which move the carpopodite. The productor arises rostrally in the 
proximal part of the meropodite. A tendon runs up the middle of the 
muscle and is inserted rostrally on the proximal edge of the carpoi)odite. 
The fibres of the muscle are grouped in bundles and each bundle is 
inserted separately on the long main tendon. This muscle moves the 
carpopodite forwards about an axis which is at right angles to the 
sagittal plane. 

Musculus reductor carpopoditis III pedis maxillaris (reds, Fig. 14) 

This muscle is longer and thinner than its antagonist, the productor, 
but has essentially the same structure. It arises caudally in the basi- 
podite and the proximal part of the meropodite, and the bundles of 
fibres are inserted on a long strong tendon which, in its turn, is inserted 
medio-caudally on the proximal edge of the carpopodite. 

Musculus extensor propoditis III pedis maxillaris (ext 4 , Fig. 14) 

It has its origin rostro-laterally in the proximal part of the carpopo- 
dite and is attached by a long tendon, which runs up the middle of the 
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muscle, to the rostro-lateral side of the propodite. It moves the propo- 
dite a little forward as well as outward. 

Musculus flexor propoditis III pedis maxillaris (flexi, Fig. 14) 

This muscle is about the same size and strength as its opponent, 
the extensor. It has its origin medio-caudally in the proximal part of 
the coxopodite. The bundles of fibres are attached to a long tendon 
which is inserted medially on the proximal edge of the propodite. 

The Pereiopods 

As regards the musculature of the coxopodite and basipodite the 
pereiopods correspond almost exactly with the third maxilliped. There 
is no trace of an exopodite in any of the walking legs, so that, of course, 
none of its muscles occur. The endopodite, on the other hand, is always 
well developed with strong muscles. In the protopodite, the principle 
of articulation already referred to is found, that is the axis of motion 
of one joint is perpendicular to that of the preceding joint, thus allowing 
considerable freedom of motion. The muscles all have their origin 
directly, but they are nearly all inserted with tendons, and many are 
supported and considerably strengthened by heavy chitinous tendons 
that run down the centre of the muscle. Two exceptions to this last rule 
are the attractor of the mastigobranchia and the remotor. The mastigo- 
branchia, with its muscle, is found in all the pereiopods except the fifth. 

The first two pereiopods are more or less specialized, but the last 
three are all essentially alike and more generalized in structure. The 
third pereiopod will therefore be described first, and then the peculiar 
variations found in the first and second can be dealt with more simply. 

The Third Pereiopod 
Fig. 17 

This is the most substantial of the walking legs. The endopodite 
consists of five joints, the last, or dactylopodite, being curved and shaped 
somewnat like a cat’s claw with a serrated edge. There are very few 
setae, except the cluster of coxopodic setae. 

Musculus promotor III pereiopKxlitis (prom, Fig. 17) 

As in the third maxilliped this is a leaf-shaped muscle having its 
origin on the epimeral plate of the sixth thoracic segment. It is inserted 
by means of a short, strong tendon, rostro-medially on the proximal 
eclgje of the coxopodite and moves the latter forward. 

Musculus remotor III pereiopoditis (rem. Fig. 17) 

It has its origin laterally on the endosternite and passes as a flat 
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ribbon of muscle to be inserted caudo-laterally on the proximal edge 
of the coxopodite. It is weaker than its opponent, the promotor. 

(In Astacus this muscle has three distinct branches.) 

Musculus levator (a, b and c) III pereiopoditis (lev [a, b and c], Fig. 17) 

The levator has the same three branches in the pereiopod as in the 
third maxilliped, except that the two branches “a*' and “c*’ are about 
equal in strength. One of these two (lev a, Fig. 17) has its origin partly 
on the ventral side of the endosternite and partly on the paraphragm 
and is inserted rostro-laterally on the basipodite by a short strong 
tendon. The lateral branch (lev c, Fig. 17) arises rostro-laterally mainly 
on the epimeral plate with a few fibres in the proximal part of the coxo- 
podite. It passes diagonally over levator a and is inserted rostral to 
the latter by the same short, stout tendon. The smaller median branch 
(lev 6, Fig. 17) has its origin rostro-medially on the proximal edge of 
the coxopodite and is inserted by a short tendon near the other two 
branches. The whole muscle is very strong and serves to move the 
basipodite outward and forward. 

Musculus depressor (a 4>nd b) III pereiopoditis (depr [a and b], Fig. 17) 

The muscle as a whole is stronger than its antagonist, the levator, 
but (as in the third maxilliped) it has only two branches although one 
of these is much redivided and its origin covers a large area. The bulk 
of the larger branch (depr a, Fig. 17) arises laterally on the epimeral 
plate, part of it (depr au Fig. 17) has its origin caudo-laterally in the 
proximal part of the coxopodite, and part (depr a 2 , Fig. 17) arises on 
the ventral side of the paraphragm while a few fibres arise on the endo- 
sternite, and a few in the middle of the proximal part of the coxopodite. 
All these slips of the main branch unite and are inserted by a long 
strong tendon caudo-medially on the proximal edge of the basipodite. 
The smaller side branch (depr b, Fig. 17) arises partly on the ventral 
part of the endosternite, but mainly rostro-medially in the proximal 
part of the coxopodite. The depressor as a whole pulls the basipodite 
downward and backward and so raises the body, 

Musculus attractor mastigobranchia III pereiopoditis (attr mast. Fig. 17) 

As in the maxillipeds this muscle has its origin on the distal edge of 
the coxopodite and is inserted on the proximal edge of the mastigo- 
branchia. Its action is the same as in the third maxilliped. 

Musculus redactor ischiopoditis III pereiopoditis (redi, Fig. 17) 

It arises partly rostrally, partly caudally in the proximal part of the 
basipodite and is inserted by a flat tendon caudo-laterally on the proximal 
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edge of the ischiopodite. It moves the latter backward about an axis 
lying in the transverse plane. 

Musculus reductor meropoditis III pereiopoditis (red 2 , Fig. 17) 

It arises dorsally in the ischiopodite and occupies about half the 
joint. It is inserted by a flat tendon medially on the proximal edge of 
the meropodite. It moves the latter backward about an axis lying in 
the transverse plane. Instead of working at right angles to the muscle 
of the previous joint it acts In the same plane, thus breaking the general 
rule. Both reductors are very similar in shape in Astacus, and Schmidt 
suggests that they find their opposition in the weight of the body resting 
on the first joints of the endopodite. This seems a probable enough 
explanation since the legs are always carried well forwards, both in 
Astacus and Pandalus. 

Musculus abductor carpopoditis III pereiopoditis (abds. Fig. 17) 

It arises by a broad surface anteriorly in the distal part of the mero- 
podite, and is inserted laterally by a long tendon on the proximal edge 
of the carpopodite. It is very much smaller than its opponent, the 
adductor. It really acts as an extensor of the carpopodite rather than 
as an abductor. 

Musculus adductor carpopoditis III pereiopoditis (addj, Fig. 17) 

This is a very large muscle which almost completely fills such space 
as is left in the meropodite by the abductor. Its fibres arise posteriorly 
and a few anteriorly throughout the greater part of the joint and are 
attached to a strong tendon running up the middle. By means of this 
long flat tendon it is inserted medially on the proximal edge of the 
carpopodite. It moves the latter inward and backward and is probably 
opposed, not only by the much weaker abductor, but also somewhat by 
the weight of the body, 

Musculus productor propoditis III pereiopoditis (prod 4 . Fig. 17) 

It has its origin on each side of the anterior surface of the carpopodite 
throughout the greater part of this joint, the fibres being attached to 
a long flat tendon which is inserted rostrally on the proximal edge of the 
propodite. It moves the propodite forward. 

Musculus reductor propoditis III pereiopoditis (red 4 . Fig. 17) 

It has a position and form corresponding to its opponent, the pro- 
ductor, but is somewhat weaker. It arises by a broad surface on the 
posterior side of the carp>opodite and is inserted caudally on the propodite 
by means of a long flat tendon. 
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Musculus abductor dactylopoditis III pereiopoditis (abd^, Fig. 17) 

The fibres arise laterally for nearly the whole length of the propodite 
and are inserted by means of a long flat tendon laterally on the proximal 
edge of the dactylopodite. The muscle serves to move the dactylopodite 
outward. 

Musculus adductor dactylopoditis III pereiopoditis (adds, Fig. 17) 

It is slightly stronger but similar in size and shape to its opponent, 
the abductor. The fibres arise partly rostrally and partly caudally 
throughout the whole medial side of the propodite. By means of a long 
flat tendon the muscle is inserted medially on the proximal edge of the 
dactylopodite. 

The First Pereiopod 
Fig. 15 

This is the leg which corresponds to the great claw of the crayfish, 
but it is very poorly developed in Pandalus, being much smaller and 
weaker than the other pereiopods. Superficially it does not appear to 
be chelate at all, but a close examination of the tip of the propodite 
reveals two minute spines and one of these is jointed. Evidently this 
is all that remains of the great claw, but no muscles could be found in 
connection with it. All the muscles of the coxopodite and basipodite 
are essentially the same as those described for the third pereiopod. The 
muscles of the endopodite are also similar except for the absence, already 
referred to, of muscles in the propodite; and the fact that the abductor 
of the carpopodite (abdj. Fig. 15) more closely resembles the adductor 
(adds, Fig. 15) in size and shape, in the first pereiopod than it d^es in the 
third. 


The Second Pereiopod 
Fig. 16 

The structure of the endopodite of this pereiopod varies considerably 
from the general type. The two legs of the pair differ a great deal in 
length, the left one being one-third or nearly half as long again as the 
right. In the figure only the right one is shown. The ischiopodite is 
longer proportionately than in a typical pereiopod and has a furrow 
with a peculiar row of stout plumose setae extending about 4alf-way 
from the basipodite up the medial side. The meropodite is faintly 
annulated at the distal end but it is in the carpopodite that the greatest 
variation is found. This has become much divided to form a great 
number of small joints. At the proximal end these are only annulations, 
but they gradually deepen to become very pronounced joints each with 
separate muscles of its own. The right leg has eighteen to twenty-one 



214 


Transactions of the Royal Canadian Institute 


of these annulations and joints and the left leg has nearly sixty. The 
propodite is shorter and stouter than in the third pereiopod and is pro- 
duced at the distal end to form a claw with the dactylopodite. 

Essentially the muscles of the coxopodite and basipodite correspond 
to those of the third pereiopod as also do those moving the ischiopodite 
and the carpopodite. Allowing for a difference in the size of the ischio- 
podite there is also very little variation in the redactor of the meropodite 
(reda, Fig. 16). It will only be necessary, then, to describe in detail 
the muscles found in the carpopodite and those moving the dactylopodite. 

The Muscles of the Joints in the Carpopodite 
The first few gradually deepening annulations contain no muscle 
fibres. The first fibres are found in the right leg in a joint fourteen 
segments from the distal end of the carpopodite. I have therefore 
called this joint “No. 1“ and numbered them from here to the end 
“Nos. 1 to 14.“ The muscles become gradually thicker toward the 
tip of the leg until they completely fill the thirteenth and fourteenth 
segments. Down the middle of the caudal side of these joints runs a 
ridge which serves for the attachment of these muscles. This will be 
referred to as the “caudal ridge. “ There are two sets of muscles, the 
extensors and flexors, corresponding to the productor and reductor of the 
typical pereiopod. 

Musculi extensores carpopoditis et propoditis II pereiopoditis (ext [a and 
b] carp, ext [a and b] prop, Fig. 16) 

There are two small extensors, each consisting of but a few fibres, to 
move each joint in the carpopodite. One of these arises in the joint 
immediately preceding that to be moved (ext b carp, Fig. 16) and the 
other in the joint before that (ext a carp, Fig. 16). Thus of the two 
extensors of the joint No. 12, one arises on the ridge in the middle of 
the caudal side of joint No. 10, passes over joint No. 11 and is inserted 
laterally on the proximal edge of joint No. 12. The other extensor has 
its origin on the ridge in joint No, 11, and is inserted in the middle of 
the lateral side of joint No, 12. The thirteenth and fourteenth segments 
contain similar extensors which move the propodite. One of these 
(ext a prop. Fig. 16) arises on the caudal ridge in the thirteenth segment 
and passes through the fourteenth to be inserted by a tendon laterally 
on the proximal edge of the propodite. The other (ext b prop, Fig. 16) 
arises caudally in the proximal part of the fourteenth segment and joins 
extensor a so that the two are inserted together. 

Musculi flexores carpopoditis et propoditis II pereiopoditis (flex [a and b] 
carp, flex [a and bj prop. Fig. 16) 

In most of the joints of the carpopodite there is only one flexor but 
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in the last two or three joints there are two flexors. In every joint in 
which muscles occur, then, a small flexor (flex a carp, Fig. 10) arises 
medially in the proximal part of one joint and is inserted on the caudal 
ridge in the distal part of the next joint. 1 hat in the thirteenth segment 
is attached to the proximal edge of the fourteenth segment. In the last 
few joints another flexor (flex b carp, Fig. 16) arises rostrally on the 
medial side of one segment and is inserted medially on the proximal 
edge of the next segment. There are two similar flexors moving the 
propodite. One of these (flex a prop. Fig. 10) arises caudally in the 
proximal part of the fourteenth segment and is attached by a tendon 
rostrally to the proximal edge of the propodite. I'he other flexor (flex b 
prop. Fig. lO) arises medio-rostrally in the fourteenth segment and is 
attached by a short tendon caudally to the proximal edge of the i)ro- 
podite. 

Musculus abductor dactylopoditis II pereiopoditis (abds, Fig. 16) 

This muscle is very much smaller than its antagonist, the adductor. 
It arises caudally, medially and rostrally and is inserted by a long flat 
tendon medially on the proximal edge of the dactylopodite. It occupies 
most of the space left by the adductor. 

Musculus adductor dactylopoditis II pereiopoditis (adds, Fig. 10) 

This muscle is short but very strong. It arises caudally, laterally 
and rostrally, occupying the greater part of the space in the propodite. 
A strong, flat tendon runs down the middle to which the fibres are 
attached and this is inserted laterally on the proximal edge of the dactylo- 
podite. It moves the dactylopodite medially, enabling it to meet the 
extension of the propodite, so that the two together form a claw capable 
of grasping objects firmly. 

Part II. THE MUSCULATURE OF THE ABDOMEN 
A. The Muscles of the Body 

The segments of the abdomen are freely movable, whereas those of 
the cephalothorax are fused together. Moreover, flexions of the abdomen 
are much used in swimming. These two factors contribute to making 
the abdominal body muscles much larger and stronger than the thoracic 
ones. In fact, except for the small spaces filled by the nerve cord and 
alimentary tract, almost the whole of the abdomen is occupied by 
muscles. As will appear in the detailed description, these muscles, 
especially the central ones are very complicated, the fibres intertwining 
and twisting to a great extent, thereby acquiring increased strength. 
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Ventral Muscles 

As in the thorax the ventral muscles are divided into two layers. 
One of these (vsa» Fig. 1) is very simple, weak and flat, and is a direct 
continuation of the series of ventral superficial muscles in the thorax. 
The other layer, which again is subdivided into transverse and oblique 
muscles, lies deeper, and is much stronger and more complicated. In 
fact it comprises the main part of the abdominal muscle mass. 

Musculi ventrales supcrficiales abdominis (vsa [1, 2; 2, 3; 3, 4; 4, 5; 5, 6], 

Fig. 18) 

These are thin ribbons of muscle fibres which continue the super- 
ficial muscles of the thorax into the abdomen. Each one arises on the 
soft membrane just behind a segment and is inserted on the ventro- 
caudal edge of the next following segment. The two muscles of a pair 
lie close together, only leaving room between them for the nerve cord 
which runs down the middle of the ventral side of the body. The last 
muscle of the series (vsa 5, 6, Fig. 18) is an exception to these last 
two rules. It has its origin on the hard part of the fifth segment, 
close to the place of insertion of the last muscle (vsa, 4, 5, Fig. 18) and 
is inserted in the middle of the ventral side of the sixth segment. The 
two muscles of this pair have no space between them. The course of 
the fibres in the various muscles varies slightly from segment to segment 
but is more or less longitudinal, and they are all approximately equal 
in strength. There is no corresponding muscle joining the sixth segment 
and the telson. 

The whole series of muscles helps to cause a flexion of the abdomen. 

Musculi transversi abdominis (tr a [1, 2, 3, 4, 5, 6], Fig. 19, 20) 

These muscles are the largest in the abdomen. They run partly 
transversely, and partly longitudinally, forming a strong framework or 
skeleton around which the oblique muscles twist. The first muscle of 
the .series (tr ai, Fig. 19, 20) has its origin in two or three different places. 
Part arises from the thoracic musculature by means of a tendon (tr ai /, 
Fig. 20). Part arises laterally in the first abdominal segment by a 
tendon (tr ai s, Fig. 20). The fibres of the former part run longitudi- 
nally, the fibres of the latter run laterally. The two fuse medially to form 
a dense muscle mass lying in the first abdominal segment. Ventral to 
these runs a large mass of muscle (tr ai a. Fig. 20) which terminates 
ventro- laterally at a tendon (tr at a. Fig. 20). 

The fibres in the second transverse muscle (tr a*. Fig. 19, 20) pursue 
the same general direction as in this first muscle. The intersegmental 
part arises laterally in the first segment by a tendon (tr ot ds, Fig. 19, 20) 
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which fuses with the lateral origin of the first transverse muscle (tr ai s, 
Fig. 20). Thence the fibres follow a spiral course in a general transverse 
direction so that the muscle is lateral in one segment and median in the 
next. The two muscles of the pair are united in the second segment by 
transverse fibres. The segmental part is a slightly curved band of fibres 
joined to the skeleton laterally on each side of the second segment. 
Dorso-laterally there is an inner fusion of the lateral parts of the segmental 
muscles with the anterior part of the intersegmental muscles of the next 
segment. In the dorsal view this appears as a homogeneous mass 
(tr a 2 + 3 , Fig. 19). 

The third and fourth transverse muscles (tr as, tr a 4 , Fig. 20) are 
similar in structure to the second. A dorsal view shows similar fusions 
of the fibres with those of the following muscle (tr a 3 + 4 , tr a 4 +; 6 , Fig. 19). 

The two last transverse muscles (tr as, tr Oe, Fig. 20) differ from the 
first four in that they have no segmental part. The intersegmental parts, 
however, correspond to those of the preceding muscles. It may be noted 
that the last muscle barely enters the sixth segment. There is no trans- 
verse muscle in the telson. 

(In Astacus there is a second part of the sixth transverse muscle 
which is visible on the donsal side as a transverse band of muscle fibres. 
This band is completely lacking in Pandalus.) 

Musculi obliqui anteriores 

This system of muscles does the greater part of the work of flexing 
the abdomen. It has already been noted that the transverse muscle 
system forms a scaffolding for these oblique muscles. By stretching 
over several segments at the same time as they twist about this frame- 
work the oblique muscles attain a very considerable power of contraction, 
much greater than would be possible in a purely segmental arrangement 
as in the superficial muscles. Any motion of the abdomen other than 
flexion or extension is prevented by the firm structure of the articulations. 

Musculus obliquus anterior 1 (obi ai, Fig. 19, 20) 

This muscle has its origin on the flat tendon which terminates the 
anterior thoracic muscle (obi /, Fig. 20). It is a flat sheet of muscle 
fibres which passes backward and laterally to be inserted laterally by 
flat tendons on the rostral and caudal sides of the first abdominal seg- 
ment. Towards this insertion the fibres become fused by tendinous 
material, forming a denjie lateral mass of sinew. The remainder passes 
dorso-medially and is inserted medially by a tendon (obi ai/, Fig. 19). 

Musculus obliquus anterior 2 (obi a 2 , Fig. 19, 20) 

The second anterior oblique muscle arises laterally on the first trails- 
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verse muscle, around which it twists medially on the dorsal side. It then 
passes ventrally and is somewhat united to the other muscle of the pair 
by a small tendon. Next it runs caudally and laterally, and is finally 
inserted by tendons partly laterally in the caudal part of the second 
segment and partly dorso-medially in the caudal part of the third 
segment, where the two muscles of the pair unite by a tendon (obi a% /, 
Fig. 19). 

Musculus obliquus anterior 3 (obi as, Fig. 19, 20) 

This muscle arises ventro-laterally in the rostral part of the first 
abdominal segment, and is united here with the tendon by which mus- 
cuius obliquus anterior 1 is inserted, and also with the lateral parts of 
the first and second transverse abdominal muscles. Turning dorso- 
laterally and then medially, it twists around the longitudinal fibres of 
the second transverse muscle and passes toward the ventral side. 
Thence it runs caudally and laterally. It is inserted by tendons partly 
on the caudal edge of the third segment and partly dorso-laterally in 
the caudal part of the fourth segment. The remainder passes dorsally 
and is united medially by a tendon to the other muscle of the pair. 

Musculus obliquus anterior 4 (obi a 4 , Fig. 19, 20) 

This muscle is only distinguished from the preceding muscles of the 
series in its origin. It arises dorso-medially on the fascia by which the 
first anterior oblique muscle is inserted (obi ai, Fig. 19). It passes 
ventrally, thence caudally, and laterally, and is inserted by tendons 
partly laterally on the caudal edge of the fourth segment and partly 
dorsally in the caudal part of the fifth segment. 

Musculus obliquus anterior 5 (obi as, Fig. 19, 20) 

Arises on the median fascia of the second anterior oblique muscle 
(obi 02 /, Fig. 19), and the fibres follow a similar course to that of the 
preceding muscle. Part is inserted by a tendon medio-laterally on the 
caudal edge of the fifth segment, and the remainder passes dorsally to 
be inserted by a tendon on the dorsal side of the sixth segment. 

Musculus obliquus anterior 6 (obi a«, Fig. 19, 20) 

Arises on the median fa.scia of the third oblique muscle, and follows 
a similar course to the preceding muscles. It is partly inserted with 
the fifth posterior oblique muscle (obi />6, Fig. 20), and the remainder is 
inserted with the fifth anterior oblique muscle (obi Fig. 19, 20) on 
the dorso-lateral side of the sixth segment. 

Musculus obliquus posterior 1 (obi pi, Fig. 20) 

This muscle is somewhat complex. One branch arises on the same 
fascia as the first anterior oblique muscle (obi /, Fig. 20) dorsal and 
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medial to the latter. The two muscles of the pair tend to unite together 
by means of a thin tendinous band (obi pi /, Fig. 20) and are inserted 
on it. Another similar branch arises laterally on the first transverse 
muscle (obi pi 1) and the fibres pass ventrally and medially to an in- 
sertion on the median fascia. The main part of this muscle arises 
partly with the first and third branches and partly on the median fascia 
(obi pi ft Fig. 20) dorsal to the remainder of the muscle. It passes cau- 
dally and laterally. At the lateral side it is joined by the first branch 
and the two are inserted by a tendon partly in the rostral and partly in 
the caudal part of the first segment. 

(In Antaeus this muscle is connected with the oblique thoracic band 
which is lacking in Pandalus ^ and Ilomarus, In HomaruSt however, 
this first posterior oblique muscle is also lacking, according to Schmidt.) 

Musculus obliquus posterior 2 (obi p 2 , F g. 19, 20) 

This muscle also arises on the ventral side of the first abdominal 
transverse muscle but is not directly connected to it. At the lateral 
side of this transverse muscle there arises another muscle which i)avsses 
around it to the dorsal side (obi p 2 jc. Fig. 19) and ends dorso-medially 
in a flat tendon (obi Fig. 19). The second posterior oblique muscle 
(obi p 2 t Fig. 19, 20) has its origin on this tendon. It turns medially on 
the dorsal side, then passes to the ventral side, twisting around the 
transverse muscle. On the ventral side it paSvses caudally and laterally, 
and is inserted in the caudal part of the second segment by the same 
tendon as the second anterior oblique muscle. 

Musculus obliquus posterior 3, 4 (obi ps, 4, Fig. 19, 20) 

The third oblique posterior muscle has its origin on the oblique 
tendon which runs laterally from the mid-line, on the dorsal side of 
that muscle mass which is caused by a fusion of the transverse muscles 
(tra 2 + 8 , Fig. 19). It follows a similar course to that of the second 
oblique posterior muscle, and is inserted by the same tendon as the 
third anterior oblique muscle laterally on the caudal edge of the third 
segment. The fourth posterior oblique muscle corresponds exactly to 
the third and is inserted with the fourth anterior oblique muscle laterally 
on the caudal edge of the fourth segment. 

Musculus obliquus posterior 5 (obi ps, Fig. 19, 20) 

The origin is similar to that of the two preceding muscles on the 
oblique fascia of the fourth muscle mass (tra 4 + 6 » Fig. 19), and the fibres 
follow a similar course. However instead of being inserted with the 
fifth anterior oblique muscle it joins the sixth (obi Os, Fig. 20) and is 
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inserted with it laterally by a tendon on the ventro-caudal edge of the 
fifth segment. 

There are no posterior oblique muscles corresponding to the sixth 
and seventh anterior oblique muscles. 

Musculus flexor telsonis anterior (fl ta, Fig. 24) 

This muscle has its origin latero-ventrally in a long thin tendon. 
It arises on that fascia by which the seventh oblique muscle is inserted 
on the protopodite of the uropod (obi a? 5, Fig. 23). It is inserted by 
a broad surface dorso-medially near the proximal edge of the telson, 
which it moves ventrally. 

Musculus flexor telsonis posterior (fl tp, Fig. 23, 24) 

This muscle arises by the same tendon as the anterior flexor. It 
passes dorsally and is inserted by a broad surface dorso-medially posterior 
to the anterior flexor which it assists in function and greatly exceeds in 
strength. 


Musculus flexor telsonis ventralis (fl tv, Fig. 23, 24) 

This muscle, which is fairly large, has its origin in a broad surface 
on the fascia of the last oblique muscle (obi ch 5, Fig. 23). It is inserted 
on the ventral surface of the telson by a fan-shaped tendon. It assists 
the other two flexors in moving the telson ventrally. 

(This muscle does not occur in Astacus.) 

Musculus dilator ani (d an, Fig. 23) 

It arises on the dorsal side of the fascia of the last oblique muscle 
(obi 07 5, Fig. 23) and is inserted medio- ventrally without tendinous 
structure by the side of the anus. By its contraction the anus is opened. 
It is opposed by the elasticity of the chitin around the anus. 

Musculi dorsales profundi abdominis (dam dal. Fig. 21) 

These muscles almost fill the space between the dorsal side of the 
transverse oblique muscles and the carapace. There are two parts, 
medial and lateral, to the muscle in each segment. Whereas in Astacus 
the medial part (dam, Fig. 21) is more or less continuous from one end 
of the abdomen to the other, merely giving off fibres in each segment, 
in Pandalus there is a much stronger indication of segmental arrange- 
ment, for the course of the fibres varies from segment to segment, and 
each inlersegmental part is distinct from the next. 

The medial branch of the first muscle in the series (dami, 2 , Fig. 21) 
has its origin partly in the rostral part of the first abdominal segment 
and partly in a tendon at the end of the dorsal thoracic muscle. It is 
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inserted medially in the anterior part of the second segment. Seen from 
the ventral side the fibres pass in a medial as well as a posterior direc- 
tion. The medial branch connecting the second and third abdominal 
segments (dam 2 , 3 ^ 21) arises medio-dorsally in the second segment 

close to the insertion of the first muscle in the series. It is inserted in a 
similar way to the first muscle in the rostral part of the third segment, 
the fibres, however, have a slightly more longitudinal course than in the 
first muscle. The medial part of the muscle joining the third and 
fourth segments (dams, 4, Fig. 21) is similar to the first two but varies 
in that the fibres twist around one another in a spiral, giving a more 
transverse appearance to their direction, as seen from the ventral side. 
The medial parts of the dorsal muscles running from the fourth to fifth 
(dam 4 , 6, Fig. 21) and fifth to sixth segments (dams, e, Fig. 21) respec- 
tively, are similar in origin and insertion to the preceding muscles but 
their fibres follow an almost completely longitudinal course. The last 
muscle of the series, that joining the sixth segment and the telson, 
(dam Fig. 21) has no lateral branch and is much smaller than the 
preceding muscles. It is a straight ribbon of fibres arising dorso-medially 
in the rostral part of the sixth segment and inserted dorso-medially on 
the rostral edge of the telson. (This last muscle is lacking in Astacus,) 

The lateral branch of the first muscle (dab 5 , Fig. 21) arises in the 
same way as the medial branch and close to it. It is inserted dorsally 
in the anterior part of the second segment lateral to the insertion of the 
median branch. The second and third lateral branches in the series 
(dab, 3 f dab, 4 » Fig. 21) are similar to the first. The fourth muscle (dab, 6, 
Fig. 21) merges much more with the medial portion, owing to the more 
longitudinal direction of the fibres in the latter. Its origin is slightly 
posterior to that of the medial part so that some of its fibres pass under 
those of the medial branch. The lateral branch joining the fifth and 
sixth segments is more complex than the preceding, having an anterior 
and a ix)sterior part. The anterior part (dal as, e, Fig. 21) arises lateral 
to the medial branch about the middle of the fifth segment and is in- 
serted in the rostral part of the sixth segment. The posterior portion 
(dal pi, 6, Fig. 21) has its origin in a few fibres just prxsterior to the 
origin of the anterior part, and then narrows to a thin tendon. To this 
tendon are attached two muscle branches, one of which is inserted 
laterally, the other medially, in the rostral part of the sixth segment 
posterior to the insertion of the anterior part. 

The whole series of muscles extends the abdomen, thus acting as an 
antagonist to the ventral and oblique muscles. The twisting of the 
fibres gives an increased power of movement by a slight twining of the 
muscle about its long axis. 
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Musculi dorsales superficiales (ds 2 - 7 , Fig. 21) 

This is a series of weak muscles running down the dorsal side of the 
animal lateral to the stronger musculi dorsales profundi. They are 
not as strong as in Astacus and are not in two parts, as are those of 
Astacus, except in that joining the first and second abdominal segments 
(dsa, Fig. 21). In Astacus, also, the first muscle of the series unites the 
epimeral plate and the first segment of the abdomen, and is referred to 
as musculus dorsalis superficialis 1, This muscle is lacking in Pandalus, 
but, for the sake of homology, that muscle which joins the first and 
second segments is called musculus dorsalis superficialis 2. The first 
muscle, then, {ds^, Fig. 21) arises dorso-laterally in the caudal part of 
the first segment. Part of it is inserted on the anterior edge of the 
second segment, and part passes medially dorsal to the deeper dorsal 
muscles and is inserted in the anterior part of the second segment. The 
next muscle {dsz, Fig. 21) arises in the anterior part of the second seg- 
ment, and passes in a medial direction to be inserted on the anterior 
edge of the third segment. The third, fourth, fifth and sixth muscles 
(dj 4 dsh ds% dsi, I"ig. 21) each arise dorso-laterally in the caudal part of 
one segment and are inserted on the anterior edge of the next following 
segment. 

These muscles assist the deeper dorsal muscles as extensors of the 
abdomen. 


Musculi laterales abdominis 

This is a series of very weak muscles running from segment to seg- 
ment, and each consisting of a few fibres. They are inserted on the 
articulations of the abdominal segments and attached to the hypodermis. 
The first three are fairly distinct, though the third is much smaller than 
the first. The fourth muscle, that is the one between the fourth and 
fifth segments, is very small and it is doubtful if there is a fifth one at all. 

The purpose of this series of muscles is very obscure. As they are 
attached directly to the joints they cannot produce any movement of 
the abdominal segments. In discussing Astacus, Schmidt suggests that 
they may have some significance in the process of moulting, but, failing 
this, they seem utterly useless. 

B. The Muscles of the Appendages 

The abdominal appendages are very much simpler and less modified 
than those of the thorax. The two joints of the protopodite are distinct 
in the pleopods, but fused in the uropods. The endopodite and exopo- 
dite are equally well developed, being broad lamellate rami in the 
uropods, while in the pleopods they are flexible and fringed with long 
natatory setae. 
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Corresponding to this lack of modification in the abdominal append- 
ages, the musculature is comparatively simple. As would be expected 
considering differences in habits, these muscles are larger and stronger 
in Pandalus than in Astacus, Moreover, several new muscles have been 
developed in connection with the increased power of swimming, but these 
will be dealt with in detail below. 

First to Fifth Pairs of PIcopods (Fig. 22) 

The first five abdominal appendages have such a similar structure 
that a study of the third appendage can be applied to all. 

In Astacus the first two pleopcxls of the male and especially the 
second, are very much modified and their muscles consequently altered. 
In Pandalus there is very little modification of these appendages and 
no essential difference in their muscles at all. Another variation occurs 
in the exopodite and endopodite which are segmented flagella in Astacus, 
but in Pandalus are unsegmented, flat, flexible rami. The endopodite 
has two segments, the exopodite only one. 

Musculus remotor III pedis spurii (rem, Fig. 18, 22) 

This muscle arises laterally on the tergum of the third abdominal 
somite by a broad surface, and is inserted somewhat diminished in 
size, on the posterior, proximal edge of the coxopodite (C, Fig. 22). It 
moves the latter backward about a transverse axis. 

Musculus rotator dorsalis basipoditis III pedis spurii (rot d, Fig. 18, 22) 

This muscle also arises laterally on the tergum anterior to the remotor, 
and is inserted on the anterior proximal edge of the basipodite. It is a 
little smaller than the remotor but similar to it in shape. It moves the 
basipodite outward and forward. 

Musculus rotator vcntralis basipoditis III pedis .spurii (rot v, Fig. 22) 

It arises medially on the sternum and is inserted medially in the 
basipodite. It is much weaker than the dorsal rotator, and moves the 
basipodite inward and forward. The two rotators can move together 
or separately and in connection with the remotor, produce a rotation 
of the protopodite. In this function they are also assisted by the adduc- 
tor of the basipodite. 

Musculus adductor basipoditis III pedis spurii (add b, Fig. 22) 

It has its origin medio-caudally in the coxopodite and is inserted 
laterally in the proximal part of the basipodite. It moves the latter 
inward and slightly rotates it. 

(This muscle does not occur in Astacus,) 
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Musculus redactor basipoditis III pedis spurii (red b, Fig. 22) 

It arises on the caudal side of the coxopodite, near the insertion of 
the remotor, passes through the whole of the basipodite, and is inserted 
at the distal end on the caudal side by a broad surface. It contains no 
tendinous material. It moves the basipodite backward and assists 
the adductor of the exopodite. 

Musculus productor basipoditis III pedis spurii (prod b, Fig. 22) 

It arises by a tendon on the rostral side of the coxopodite, near the 
insertion of the dorsal rotator, passes through the whole of the basipodite 
and is inserted by a broad surface at the distal end on the anterior side. 
It moves the basipodite forward and assists the rotators as antagonists 
of the redactor. 

(This muscle is not found in Astacus,) 

Musculus adductor exopoditis III pedis spurii (add ex, Fig. 22) 

It arises without a tendon medially in the proximal part of the basi- 
podite, and passes posterior to the other muscles in the joint, to be 
inserted medially on the proximal edge of the exopodite. It moves the 
exopodite inward. 

Musculus abductor exopoditis III pedis spurii (abd ex, Fig. 22) 

This muscle arises laterally in the proximal part of the basipodite, 
and is inserted laterally qn the proximal edge of the exopodite. It has no 
tendinous structure. It moves the exopodite, and with it the closely 
attached endopodite, outward. 

Musculus adductor endopoditis III pedis spurii (add end, Fig. 22) 

It arises medially in the distal part of the basipodite by a tendon, 
and is inserted without a tendon medially on the anterior side of the 
first segment of the endopodite. It moves the endopodite inward. 

(The above three muscles differ considerably in proportion in Astacus. 
Moreover in the latter there is no separate adductor of the exopodite. 
Its place being taken by the large adductor of the endopodite which 
moves both branches together. There is, however, a small abductor of 
the endopodite, which is absent in Pandalus.) 

Musculus flagellaris endopoditis III pedis spurii (flag end, Fig. 22) 

The muscle arises medially in the proximal part of the endopodite, 
close to the insertion of the adductor, and is attached throughout the 
flat endopodite by fibres given off at intervals. It permits great mobility 
of the endopodite. 
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Musculus flagellaris exopoditis III pedis spurii (flag ex, Fig. 22) 

It arises medially in the first segment of the exopodite and gives off 
fibres to be inserted throughout the exopodite. Its action is similar to 
that of the flagellar muscles in the exopodite. 

The Uropods (Figs. 23, 24) 

In these appendages the exopodite and endopodite attain a great 
size, although the appendage shows a normal biramous arrangement. 
The musculature is much more complicated than in the pleopods. The 
coxopodite and basipoditc are immovably fused together and the whole 
protopoditc is united to the body by a thin chitinous ring which permits 
great freedom of movement. 

In contrast to the other appendages, especially those of the cephalo- 
thorax Schmidt notes that the musculature of the exopodite is strongly 
developed, while the endopodite has only one weak muscle. 

Musculus remotor lateralis protopoditis uropodos (rem 1, Fig. 24) 

The muscle arises dorso-laterally about the middle of the sixth 
abdominal segment and is inserted dorso-laterally on the proximal edge 
of the protopodite by a short tendon. It moves the protopodite back- 
ward, or dorsally, and outward. 

Musculus remotor medialis propoditis uropodos (rem m. Fig. 24) 

It arises dorso-medially near the middle of the sixth segment and is 
inserted dorso-laterally on the protopodite just medial to the insertion 
of the lateral remotor. It assists the latter in function and greatly 
exceeds it in strength. 

Musculus rotator protopoditis uropodos (rot, Fig. 24) 

It has its origin in a broad surface dorso-medially in the anterior 
part of the sixth abdominal segment. It has a leaf -shaped form and 
narrows considerably toward its insertion. The greater part of it is 
inserted ventro-laterally on the proximal edge of the protopodite by a 
tendon. Two small branches are inserted by tendons slightly medial to 
the main insertion and close to the insertions of two of the branches of 
the telso-uropod muscle. This muscle moves the uropod ventrally and 
outward. 


Musculus telso-uropedalis (tua tul tup. Fig. 23, 24) 

This muscle arises dorso-laterally near the anterior edge of the 
telson by a short tendon. It has a cylindrical form but branches towards 
its insertion. One branch (tua. Fig. 23) divides again and is inserted 
by two short tendons at the insertion of the rotator of the protopodite. 
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A second branch (tul, Fig. 23, 24) is inserted dorso-laterally on the 
proximal edge of the protopodite by a short tendon. The third branch 
(tup, Fig. 23, 24) is inserted ventro-medially in the proximal part of 
the protopodite. The whole muscle is comparatively weak, being Httle 
more than a few fibres and a strong tendon. Its function is to pull the 
protopodite inward and dorsally, thereby partly assisting and partly 
opposing the remotors. 

Musculus abductor exopoditis lateralis uropodos (abd ex 1, Fig. 23, 24) 

This muscle is peculiar in consisting of two fairly large masses of 
fibres joined by a short thin cylindrical tendon. It arises dorso-laterally 
by a broad surface and narrows to the thin tendon aforementioned at 
the joint between protopodite and exopodite. In the exopodite it widens 
again to a mass of muscle fibres which is inserted by a broad surface in 
the first segment, partly dorsally and partly ventrally. It moves the 
exopodite, and, with it, the endopodite outward, thus opening the tail 
fan. 

(It is probable that this muscle represents the three abductors found 
in AskLCUs^ all fused together.) 

Musculus adductor exopoditis anterior uropodos (add ex a. Fig. 23, 24) 

It arises medially by a broad surface in the protopodite. It passes 
laterally and is inserted by a broad surface dorsally in the middle of 
the first segment of the exopodite. It pulls the exopodite inward. 

Musculus adductor exopoditis posterior uropodos (add ex p, Fig. 23, 24) 

It arises by a short tendon ventrally in the distal part of the proto- 
podite, and is inserted by a broad surface medially in the first segment 
of the exopodite. It assists the anterior adductor in opposing the 
abductor of the exopodite. 

Musculus productor exopoditis uropodos (prod ex. Fig. 23, 24) 

This muscle arises by a broad surface dorsally in the proximal part 
of the protopodite, and is inserted by a thin tendon ventrally near the 
proximal edge of the exopodite. It moves the latter in a ventral 
direction. 

Musculus reductor exopoditis uropodos (red ex. Fig. 23, 24) 

This muscle is weaker than its antagonist, the productor. It has 
its origin in a broad surface near that of the productor and passes 
slightly laterally to be inserted without a tendon dorsally, near the 
proximal edge of the exopodite. 



The Musculature of Pahdalus Danae Stimpsok 


227 


Musculus adductor endopoditis uropodos (add end, Fig. 23, 24) 

It arises dorso-medially in the protopodite without tendons, and is 

inserted ventro-medially on the proximal edge of the endopodite by a 

small tendon. It produces an inward motion of the endopodite. 
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Description op Plates 

Plate I 

Fig. 1. A dissection of the head and thorax from the left side. The carapace, epimeral 
plate, the muscles of the thoracic appendages, and the attractor epimeralis 
have been removed. 

add p mand adductor posterior mandibulae; depr {prom, rem) II Ant depressor 
(promotor, remotor) II antennae; dth {dlhm, dthl) dorsal thoraco-abdomi- 
nal muscle (medial branch, lateral branch); dva (/, 4 ) anterior dorso- 
ventral muscle; lih (Uhm Uhl) lateral thoraco-abdominal muscle (medial 
branch, lateral branch); tha (tham thal) anterior thoracic muscle (medial 
branch, lateral branch). 

Fig. 2. The interior of the right side of the head and thorax. 

add p mand adductor posterior mandibulae; depr II A nt depressor II antennae; 
dth (dthm, dthl) dorsal thoraco-abdominal muscle (medial branch, lateral 
branch); dva (1, 2) anterior dorso- ventral muscle; Ithm medial branch of 
lateral thoraco-abdominal muscle; tha (tham) anterior thoracic muscle 
(medial bianch); vsth (4.‘j-7:<?) superficial ventral thoracic muscles (2:3- 
7:8). 

Fig. 3. Dorsal view of head and thorax with carapace removed. On the right side the 
lateral thoracic muscle has also been removed. 
depr II Ant depressor II antennae; dth (dthm, dthl) dorsal thoraco-abdominal 
muscle (medial branch, lateral branch); Uh (m and 1) lateral thoraco- 
abdominal muscle (medial branch and lateral branch); tha anterior 
thoracic muscle. 

Fig. 4. Dorsal view of thorax with lateral and dorsal thoracic muscles removed and the 
sides somewhat stretched apart. 

depr II Ant depressor II antennae; tha (tham, thal) anterior thoracic muscle 
(medial branch, lateral branch). 

Fig. 5. Dorsal view of thorax with lateral, dorsal and anterior thoracic muscles re- 
moved to show the superficial ventral muscles, and the muscles moving 
the thoracic appendages. The sides are somewhat stretched apart. 
attr ep attractor epimeralis; depr (prom) depressor (promotor) of pereiopod; 
dvp posterior dorso- ventral muscle; prom II Ant promotor II antennae; 
vsth ( 2 : 3 - 7 : 8 ) superficial ventral thoracic muscles; vslha superficial ventral 
thoraco-abdominal muscles. 


Plate 11 

Fig. 6. Dissection of the eyes from the dorsal side. 

abd abductor; add adductor; a//r attractor; oha oculi basilis anterior; oculi 
basalis posterior; rd oculi retractor dorsalis; rl oculi retractor lateralis; 
rm oculi retractor medialis; rv oculi retractor ventralis. 

Fig. 7. The first antennae dissected from the dorsal side. 

abd (a and b) abductor (a and b) ; abd% abductor of third segment; add adductor; 
prod (red)% & 1 productors (redactors) of second and third segments; redi 
redactor of flagellum; rem (a & b) remoter (a and b); prom promotor. 

Fig. 8. Dissection of the second antennae from the dorsal side. 

carp M. carpopoditis; depr (a, b, c) depressor (a, b, c); ex abd abductor exopo- 
ditis; ex add (a, b) adductor exopoditis (a, b); exU (fleXi) extensor (flexor) 
dactylopoditis; lev levator; mer M. meropoditis; prom promotor; prop M. 
propoditis; red i redactor ischiopoditis; rem remoter. 
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Fig. 9. The mandibles from the dorsal side, showing also the anterior fascia (fa), the 
anterior dorso- ventral muscles (dva) and the ventral head muscles (vc). 
On the right side the labrum has been cut away to expose the incisor 
process and the palp. 

abd abductor; add (a, I, p) adductor (anterior, lateralis, posterior); ext p (flex p) 
extensor (flexor) palpi; x, xx points of articulation. 

Fig. 10. Dissection of the first maxillae from the dorsal side. 

abd abductor; add end .adductor endopoditis; add I (m) c adductor lateralis 
(medial is) coxopoditls; B basipodite; C coxopodite; depr depressor; 
En endopoditc; lev levator; prom promotor; rem a (b) remotor a (b). 

Fig. 11 . Dissection of the second maxillae from the dorsal side. 

add c adductor coxopoditis; add end adductor endopoditis; depr depresst)r; 
flex seg inf (sup) flexor scaphognathitis inferior (superior); prom promotor; 
rem remoter; r (a, b, d, e, /, g) respiratorius (primus, secondus, quartus, 
quintus, sextus, septimus). 


Platb III 

Fig. 12. Dissection of the first maxillipeds from the dorsal or anterior side. 

abd ex abductor exopoditis; abd fl abductor flagelli exopoditis; add end (a b) 
adductor enflopoditis (a & b); add ex adductor exopoditis; atlr ep (a ^ h) 
attractor epipo<litis (a & b); B basipodite; C coxopodite; depr depressor; 
En endopodite; Ep epipodite; Ex cxopodite;y?ag M. flagellaris; lev levator; 
prom I (m) promotor lateralis (medialis) ; rem remotor. 

Fig. 13. Dissection of the second maxillipeds from the dorsal or anterior side. 

abdi (addi) abductor (adductor) carpopoditis; add ex adductor exopoditis; 
attr ep attractor epipoditis; depr (a 6f b) depressor (a & b);flag M. flagel- 
laris; lev (a ^ b) levator (a & b); prom promotor; rem remotor; prod^ (red^) 
productor (redactor) meropoditis; prod^ (red^) productor (redactor) pro- 
poditis; prodt (red^) productor (redactor) dactylopoditis. 

Fig. 14. Dissection of the third maxillipeds from the anterior side. 

attr mast attractor mastigobranchia; depr depressor; B basipodite; C coxopo- 
dite; K carpopodite; lev (a, h, c) levator a, b, c): I ischiopodite; prom 
promotor; rem remotor; prod^ (red^) productor (reductor) carpopoditis; 
exU (fl^Xi) extensor (flexor) propoditis. 


Plate IV 

Fig. 16. Dissection of the first pereiopods from the anterior side. 

abdt (addi) abductor (adductor) carpopoditis; attr mast attractor mastigo- 
branchia; C coxopodite; B basiix>dite; depr (a at b) depressor (a, ai, b); 
D dactylopodite; I ischiopodite; K carpopodite; lev (a, b, c) levator (a, b, 
c); prom promotor; rem remotor; redi reductor ischiopoditis; red^ reductor 
meropoditis; red^ (prod\) reductor (productor) propoditis. 

Fig. 16. Dissection of the second pereiopods from the anterior side. Only the right leg 
is shown entirely. 

abd% (addi) abductor (adductor) carpopoditis; abdi (add^) abductor (adductor) 
dactylopoditis; attr mast attractor mastigobranchia; B basifxKlite; C 
coxopodite; D dactylopodite; depr (a, ai, b) depressor (a, ai, b); ext ta, b) 
carp extensor (a, b) carpopoditis; ext (a, b) prop extensor (a, b) propoditis; 
flex (a, b) carp flexor (a, b) carpopoditis; ylrx (a, b) prop flexor (a, b) pro- 
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poditis; I ischiopodite; left (a, 5, c) levator (a, b, c); JIf meropodite; prem 
promotor; rem remotor; redi reductor ischiopoditit; redt redactor mero- 
poditit. 


Platb V 

Fig. 17. Dissection of the third pereiopods from the anterior side. 

abd$ (add^) abductor (adductor) carpopoditis; abdt {addt) abductor (adductor) 
dactylopoditis; attr mast attractor mastigobranchia; B basipodite; C 
coxopodite; D dactylopodite; depr (a, ot, b) depressor (a, a^ as, b); 
K carpopodite; I ischiopodite; lev (a, 6, c) levator (a, b, c); Af meropodite; 
P propodite; prom promotor; rem remoter; redi reductor ischiopoditis; 
redt reductor meropoditis; redt lprod4) reductor (productor) propoditis. 


Plate VI 

Fig. 18. Dissection of the abdomen from the dorsal side. All muscles have been re- 
moved except the ventral superficial series, and those moving the pleopods; 
rem remotor of pleopod; rot d dorsal rotator of pleopod; v s a 2; 2, j; j, 4. 
4, S; s, 6). M. ventralcs superhciales abdominis (1, 2; 2, 3; 3, 4; 4, 5; 6, 6). 

Fig. 19. Dissection of the abdomen from the dorsal side. The dorsal muscles and 
those moving the uropods have been removed. 
ft tv flexor telsonis ventralia; ohl (/, 4, j, 4, 5-i-d, 7) M. obliquus anterior 
(1, 2, 3, 4, 5+6, 7); ohla (7-4) / M. obliquus anterior (1-4), dorsomedian 
fascia; ohl p% f tendon from which arises M. obliquus posterior 2\ obi 
obliquus posterior 2; obi Pt x muscle which gives rise to M. obliquus 
posterior 2; Ika anterior thoracic muscle; that J tendon by which the anterior 
thoracic muscle is inserted; troi (i); M. transversus abdominis 1 (6); tra 
(^+J» J+4» 4+5) dorsal fusion of trot with frai, etc.; trai ds insertion of 
M. transversus abdominis 3. 


Plate VII 

Fig. 20. Dissection of the abdomen from the ventral side. The superficial ventral 
muscles have been removed. 

obla (7-7) M. obliqui anteriores (1-7); 06// fascia by which the anterior thoracic 
muscle is irserted; obi p (7-5) M. obliqui posteriores; obi Pi f median fascia 
of M. obliquus posterior 1; obi pi U origin of M. obliquus posterior 1; 
tra (i~6) M. transversi abdominis; trai a ventral part of M. transversus 
abdominis 1; tra\ a/ lateral fascia from which M. transversus abdominis 
arises; trci s dorso-lateral insertion of M. transversus abdominis 1; tra% ds 
insertion of M. transversus abdominis 2. 

Fig. 21. Dissection of the abdomen from the ventral side. All ventral muscles have 
been removed. 

dal (7, 2-4, 5) M. dorsales profundi abdominis, lateral part; dam (7, ^-5, 6) 
M. dorsales profundi abdominis, medial part; dal a 6 anterior branch 
of lateral part of M. dorsalis profundus dal p s, 6 posterior branch 
of lateral part of M. dorsalis profundus, 5, 6; dam t medial part of M. 
dorsalis profundus joining sixth segment and telson; ds (7-7) M. dorsales 
superficiales. 


Plate VIII 

Fig. 22. Dissection of the third pair of pleopods from the anterior side. 
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abd ex abductor exopoditis; add b adductor basipoditis; add end ad 'uctor 
endopoditis ; add ex adductor exopoditis ;flag end M . flagellaris endopodit is ; 
flag ex M. flagellaris exopoditis; prod productor; red rcductor; rem remotor; 
rot d dorsal rotator; rot v ventral rotator. 

Fig. 23. Dissection of uropods, telson and sixth segment of abdomen from the ventral 
side. Part of the muscles have been removed on the left. 
abd ex I abductor of exopodite; add end adductor of endopodite; add ex a 
anterior adductor of exopodite; add ex p posterior adductor of exopodite; 
fl tp posterior flexor of telson tv ventral flexor of telson; dan dilator of 
anus; obi a« sixth anterior oblique muscle; obi aj s tendon by which the 
seventh anterior oblique muscle is inserted; prod ex M. productor exopo- 
ditis; red ex M. reductor exopoditis; tul (tup) M. telso-uropedalis, lateral 
branch (posterior branch). 

Fig. 24. Dissection of the uropods, telson and sixth segment of abdomen from the 
dorsal side. On the right the remotors and all muscles in the uropod 
except M. telso-uropedalis have been removed. On the left M. telso- 
uropedalis has been removed. 

abd ex I M, abductor exopoditis; add end M. adductor endopoditis; add ex a 
(add ex p) adductor exopoditis anterior (posterior); fl ta (fl tp^ fl tv) M. 
flexor telsonis anterior (posterior, ventralis); prod ex M. productor exopo- 
ditis; red ex M. reductor exopoditis; rem m (rem 1) M. remotor medialis 
(lateralis); rot rotator; tua (tul, tup) M. telso-uropedalis anterior (lateralis, 
posterior). 
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A FAUNAL INVESTIGATION OF THE LAKE NIPIGON REGION, 

ONTARIO' 

By J. R. Dymond, L. L. Snyder and E. B. S. Logier 
General Introduction 

Lake Nipigon lies within the Laurentian area of northwestern Ontario, 
about fifty miles north of Lake Superior. The lake itself occupies the 
lower portion of a basin-like depression most or all of which at one time 
constituted a northern bay of glacial Lake Algonquin. 

The present water level of the lake is 852 feet above sea level or 
250 feet above Lake Superior. It is the largest of the inland lakes of 
Ontario having an area of 1769 square miles. A characteristic feature 
is the numerous islands, many of which are quite large. With the ex- 
ception of the mere rocky projections, these islands are wooded and 
resemble the elevations of the mainland. 

The topography of the surrounding region is much rougher than that 
of the typical Archaean formation as a result of extensive flows of diabase 
which occurred at some time in its geological history. The region is 
characterised by numerous elevations of crystalline rock with inter- 
vening valleys occupied by bogs and lakes. These depressions drain 
from one to another by means of streams usually swift and with numerous 
falls and rapids in their courses. 

The forest of the region is dense and composed principally of mixed 
stands. Variation in the type occurs somewhat according to the eleva- 
tion, the high, dry hill-tops frequently supporting stunted and scattered 
jack pine while down the slopes grow aspen poplar, balsam fir, white 
spruce, paper birch, and balsam poplar. In some places the deciduous 
trees predominate over the coniferous and in other places this condition 
is reversed. Black spruce is sometimes found on high ground but it is 
generally confined to the lower, boggy areas. White cedar grows in 
some of the moist situations especially along stream courses and an 
occasional black ash is also to be found there. Tamarack occurs in 
many of the bogs but the trees are for the most part quite small. Moun- 
tain ash, white pine and red pine are rather rare but may occasionally 
be found. The principal shrubby trees of the forest are speckled alder 

'Contribution from the Royal Ontario Museum of Zoology, Toronto. 
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and mountain maple, the former bordering many of the lakes or covering 
the bottoms of damp basins between elevations, and the latter generally 
distributed over the floor of the mixed forest. 

The climate of the Lake Nipigon region may be judged from the 
following data supplied by the Meteorological Service of Canada. In 
January the mean daily maximum varies from 8° to 12® F., and the mean 
daily minimum from —10® to —14® F. In July the lake is crossed by 
the isotherm of 74° mean maximum temperature while the isotherm of 
32® F. mean annual temperature touches the north end of the lake. 
The precipitation is from 22 to 25 inches annually. The frost*free 
period varies in length from sixty to eighty days. Ice usually leaves 
the lake between the first and fifteenth of May and usually does not 
form sufficiently to close navigation until late in December. Surface 
temperatures (centigrade) of the water of the open lake during the 
summer months are recorded by Clemens (1923, 1924a, 1924^) as 
follows : 

1921 1922 1923 

Date June 17 July 9 Aug. 29 June 27 July 29 Aug. 17 July 11 Aug. 15 Sept. 14 
Temp. 12 5 22 0 17 1 10 3 18 2 17 0 15 3 14 5 11 3* 

The Canadian National Railway touches the southern end of Lake 
Nipigon at Macdiarmid and Orient Bay station while the old National 
Transcontinental Railway (now Canadian National) passes within a 
few miles of its northern end. The Canadian Pacific Railway comes 
within thirty-five miles of the south end of the lake at the town of 
Nipigon. 

The region surrounding the lake is included in the Nipigon Forest 
Reserve and is still in its primitive condition although lumbering rights 
have recently been issued for certain areas within the reserve. The rail- 
ways and such settlements as the fishing village of Macdiarmid, the 
Canadian National Railway’s tourist lodge at Orient Bay station, the 
Hudson Bay Company’s Post (Nipigon House) and a few small Indian 
settlements have not altered the primeval conditions generally. 

Since 1917 the lake has been open to commercial fishing and now 
supports a thriving fishing industry, several steam tugs and gasoline 
boats being thus engaged. The district has been the centre of a large 
fur trade since the Hudson Bay Company established its post in 1791. 
The Lake Nipigon region is known particularly for its speckled trout 

’During the end of August and the beginning of September 1923 a number of 
rather violent storms mixed the waters of the lake so thoroughly as to lower the surface 
temperature and raise that of the lower depths. 
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which here reach a very large size. Sportsmen from all over the continent 
visit the waters of the Nipigon river to angle for the famous “Nipigon 
trout 


Previous Work 

While Agassiz did not get nearer than the north shore of Lake 
Superior, his report (1850) was one of the earliest contributions to our 
knowledge of the geology, fauna and flora of this general region. Atkin- 
son (1894) published a list of birds observed at I’ort Arthur and more 
recently Saunders (1922a, 1922b) has recorded observations made at 
Rossport. 

The more immediate vicinity of Lake Nipigon has received rather 
thorough geological study; Bell, Mclnnes, Dowling, Parks* Coleman 
and Wilson have all contributed. The results of these studies have been 
summarized in Wilson’s report (1910). Wilson, in connection with his 
geological work, published lists of trees, fishes, amphibians, reptiles, 
birds and mammals. Other studies of the fauna and flora of the im- 
mediate vicinity of Lake Nipigon have been made by Miller (1897), 
Jennings (1915, 1918a, 1918ft, 1920), Koelz (1923), Clemens (1923, 
1924a, 1924ft), Adamstone (1922, 1924), Walker (1900, 1924), Moore 
(1924), and Dymond (1920). 

Life Zone and Faunal Area 

Although a part of the north shore of Lake Superior was considered 
by Miller (1897) as lying within the limits of the Hudsonian zone he 
was not able to ascertain whether this was an isolated area or was con- 
tinuous with the main transcontinental Hudsonian belt on the north. 
Recent maps demarcating the life zones of North America do not include 
the section north of Lake Superior within the Hudsonian zone and quite 
properly include the Lake Nipigon region within the Algonquin, or 
forested area of the Canadian zone. Perhaps the best treatment of the 
faunal areas and life zones of Canada is that of Klugh and McDougall 
(1924). (The lines limiting the zones and faunal areas on their maps 
were drawn from meteorological data.) The results of the faunal in- 
vestigations reported in the accompanying papers are in accord with 
their views. 

The plant life of the region is quite characteristic of the Algonquin 
area of the Canadian zone and the principal trees of the forest such as 
balsam fir {Abies balsamea)^ white spruce {Picea canadensis)^ black 
spruce {Picea mariana), paper birch {Betula alba), and aspen poplar 
{Populus tremuloides) are reliable indicators. 

Among the mammal records included in the accompanying report 
forms of the following sf>ecies may be considered as characteristic of 
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the Algonquin area of the Canadian zone, — moose {Alces americana), 
Canada lynx {Lynx canadensis)^ varying hare {Lepus americanus) 
and woodland jumping mouse {Napaeozapus insignis). 

Among the birds the following are some of the more characteristic 
species of the Algonquin faunal area: white- throated sparrow {Zono- 
irichia albicollis), magnolia warbler {Dendroica magnolia), Tennessee 
warbler {Vermivora peregrina), bay-breasted warbler {Dendroica cas- 
tanea), arctic three- toed woodpecker {Picoides arcticus), Canada jay 
{Perisoreus canadensis), slate-colored junco {Junco hyemalis) and olive- 
backed thrush {Hylocichla ustulaia swainsoni). 

The following insects may be mentioned as characteristic, — butter- 
flies: Eurymus interior Scudd., Oeneis macounii Edw., Oeneis jutta Hbn., 
Carterocephalus palaemon Pall, and Pamphila manitoba Scudd.; grass- 
hoppers: Circoleitix verruculatus Kirby, Podisma glacialis canadensis 
E. Walk., Melanoplus islandicus Blatchley, and M. dodgei huroni Blatch- 
ley; dragonflies: Cocnagrion interrogaium Selys, Ophiogomphus colubrinus 
Selys, 0. anomalus Harvey, Aeshna subarctica E. Walk., A, interrupta 
interrupta E. Walk., Somatochlora walshii Scudd., and S. minor Calvert. 

A cknozvledgements 

During the prosecution of the work reported herein valuable assist- 
ance was received from the stall of the Fisheries Research Laboratory, 
Department of Biology, University of Toronto who were engaged in 
fisheries studies on the lake during the summer 1921 to 1924. Apprecia- 
tion should also be expressed to numerous residents of the area who 
contributed in many ways to our faunal studies and whose courtesy 
and consideration made our stay a pleasant one. 

J. R. D. L. L. S. 
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THE MAMMALS OF THE LAKE NIPIGON REGION 


By J. R. Dymond 

The following paper is the result of observations and collections 
made during four summers (1921-24) which the writer spent on Lake 
Nipigon in connection with the work of the Fisheries Research Labora- 
toi*y of the Department of Biology, University of Toronto. This work 
was done incidentally whenever time could be spared from the work of 
the Fisheries Laboratory and is necessarily less complete than could 
have been desired. 

Valuable assistance in the accumulation of data was received from 
Mr. Duncan Bell of McIntyre bay, Lake Nipigon and Mr. P. McGuire, 
Factor of the Hudson’s Bay Company’s post at Nipigon House. For 
this assistance I wish to express my appreciation and thanks. 

Specimens of the following were submitted to the Bureau of Biological 
Survey, Washington, D.C.: Sorex c. cinereus, Sorex arcticus, Microsorex 
hoyi intervectus^ Blarina brevicauda talpoides, Eutamias minimus jacksonit 
Tamias striatus griseus^ Peromyscus maniculatus maniculatus^ Synap- 
tomys cooperi fatuus, Evoiomys g, gapperi, Microtus pennsylvanicus 
fontigenus. For the examination and determination of this material I 
am very much indebted. My thanks are also due Dr. Glover M. Allen 
of the Museum of Comparative Zoology for the determination of the 
bat Myotis 1. lucifugus. 

The measurements given for some of the species are in millimetres. 
Unless otherwise stated, L. is the total length in millimetres from the 
snout to the end of the tail vertebrae, T. is the length in millimetres of 
the tail and H. F. the length in millimetres of the hind foot from the 
heel to the end of the longest claw. 

Condylura cristata (Linn.). STAR-NOSED MOLE. — Only two 
specimens were taken, the first by Dr. Walter Koelz who spent two 
weeks on Lake Nipigon in July 1922. The other was trapped in a store 
at Gull Bay village on August 7, 1923. Average of two specimens: L., 
188; T., 79J, H.F., 291. 

Sorex cinereus cinereus Kerr. MASKED SHREW. — This is the 
species which before Jackson’s recent studies of the shrews (1925a) has 
been known as Sorex personatus Eight specimens taken, average 
measurements of six: L. 94; T., 39; H.F., 12. Specimens were taken 
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in damp woods, among rocks in a small clearing and among alders at 
the water’s edge. The latter situation appeared to be a favourite one 
for this species. 

Sorez arctlcus Kerr. (S. richardsonii Bachman. See Jackson loc. 
ciL), RICHARDSON'S SHREW. — Only two specimens taken. Aver- 
age measurements: L., 103J; T., 43; H.F., 12J. 

Microsorez hoyi intenrectus Jackson. HOY’S SHREW. — 
specimen of this small shrew was taken at Macdiarmid by Mr. L. L. 
Snyder on June 27, 1923. This subspecies has recently been described 
by Jackson (1925b). 

Blarina brevicauda talpoides (Capper). MOLE SHREW.— The 
mole shrew was very common being exceeded in point of numbers only 
by the white-footed mouse among the small mammals. It is perhaps 
most numerous in damp, cool woods but several specimens were also 
taken in drier situations and in clearings. Five were taken in two 
successive nights in August 1924 around a small water hole in the wobds 
about 50 yards from my tent. Average measurements of 23 specimens: 
L., 117j T., 26i;H.F., 16. 

Myotis lucifugus lucifugus (Le Conte). LITTLE BROWN 
BAT. — This was the only species of bat of which we secured specimens. 
Bats were rarely seen on the wing and our only specimens were found 
by day in lumber piles. 

Euarctos americanus americanus (Pallas). BLACK BEAR. — 
Fairly common. In 1921 they were far more common than during any 
of the three succeeding years. During the autumn of that year more 
than a dozen were shot or trapped in the immediate neighbourhood of 
Macdiarmid. A favourite feeding ground is across Orient bay from the 
village where the offal resulting from the dressing of fish shipped to 
market together with the useless species taken in the fishermen’s nets 
are thrown on the rocks to decay. No cinnamon specimens have been 
reported. 

Procyon lotor lotor (Linn.). RACCOON.— Miller (1897J was 
told by Mr. William McKirdy of Nipigon that a few years previously 
a raccoon was killed by some Indians near Lake Nipigon and brought 
to the Hudson Bay Company’s post. The Port Arthur News-Chronicle 
of November 8, 1921 reported that a farmer living in the vicinity of 
Kakabeka Falls (west of Fort William) had killed a raccoon in that 
district a day or two previously. This mammal, however, is not normally 
found in this part of Ontario. 
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Martes americana americana (Tgrton). MARTEN.— Quite a 
number of martens are still taken in the Nipigon region but they are 
much less common than formerly. According to the Indians, a trapper 
sometimes got as many as 15 or 20 from one lound of the traps whereas 
now he is lucky to get that number in a season. 

A specimen taken December 15, 1921 near McIntyre bay was mea- 
sured by Mr. Bell; L., 592; T., 188; H.F., 102. They vary much in 
colour from dark brown to yellowish. 

Martes pennanti pennanti (Rexleuen). FISHER.— The fisher 
is also much less common than formerly but is still one of the valuable- 
fur mammals of the district. A specimen taken on Gros ('ap. Nov. 19, 
1921 was measured by Mr. Bell; L., 801; T., 331; II. F., 125. A fire 
ranger reported seeing a female fisher with three young during the 
summer of 1922. Another ranger was said to have seen five young with 
an adult and thought the latter a more usual number. 

Mustela cicognanii cicognanii Ronaparte. SHORT-TAILED 
WEASEL. — The weasel was common throughout the region. A series 
secured for us during the winter of 1921-22 by Mr. Duncan Bell gave 
the following measurements: 4 males, L., 293; T., 81 ; H.h'., 38; 2 females, 
L., 228; T., 55; H.F., 28. 

A specimen taken on Nov. 10, 1921 still had considerable brown 
showing down the centre of its back, top of head and in the tail. 

Mustela vison lacustris (Preble). MINK. Common. A speci- 
men (male) secured for us by Mr. Duncan Bell measured: L., 594; 
T., 178; H.F., 07 and weighed 2 pounds 14 ounces. 

Oulo luscus (Linn.). WOLVERENE. — The wolverene is not 
normally found in this district. One skin was brought into the Hudson 
Bay post at Nipigon House a few years ago but it is not known how 
close to Lake Nipigon it was taken. 

Lutra canadensis canadensis (Schrebf.r). OTTER. — A few 
otters are still taken around Lake Nipigon. They are said to have been 
common formerly. 

Mephitis mephitis (Schreber). SKUNK. Skunks were rather 
rare. Mr. and Mrs. Snyder saw one at the Revillon Fr^rcs post on 
Ombabika bay, in June 1924. 

Vulpes fulva (Desmarest). FOX. —Foxes appear to fluctuate in 
numbers with the hares. During 1921 and 1922 when the latter were so 
scarce very few foxes were taken, but previous to the last dying off of 
the hares they were more common. 
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Canis lyeaon Schreber. GRAY or TIMBER WOLF.-^The 
gray or timber wolf was said to be common and quite destructive to 
moose, deer and beaver. During the summer of 1920 Mr. A. Tieknor 
killed two which he overtook while they were swimming in thq lake 
near the island of Katatota. Mr. McGuire says they will swim^ after 
moose and kill them in the water. 

Besides the timber wolf there is a smaller form known as the tirush 
wolf and some of the people of the district are of the opinion that there 
is still another small wolf distinct from the brush wolf which they 
believe to be the coyote. We saw only one wolf. This we took to be a 
young one. Its total length was 37 inches, tail 12 inches. 

Lynx canadensis canadensis Kerr. CANADA LYNX.— The 
Canada lynx was very scarce during the winter of 1921-22 presumably 
due to the scarcity of hares. It is usually quite common. 

Marmota monax canadensis (Erxleben). WOODCHUCK. — 
The woodchuck was rare except in clearings and along the railroad 
tracks. Individuals were seen on several occasions along the C.N.R. 
tracks in the vicinity of Macdiarmid, and at the Revillon Frfercs aban- 
doned post on Ombabika bay, but Mr. Duncan Bell states that he has 
never seen one at McIntyre bay. 

Only one adult and two immature specimens taken. The adult, a 
female, measured: L., 498; T., 132; H.F., 71. 

Eutamias minimus jacksoni Howell. WESTERN CHIP- 
MUNK. — This form of the western chipmunk, recently described by 
Howell (1925) ranges through northern Wisconsin, Minnesota and 
Michigan and eastward along the north shore of Lake Superior as far 
as Nipigon where it is said to intergrade with Eiitamins m, borealis. 
Lake Nipigon is believed to be very near the eastern boundary of its 
range. 

This chipmunk was observed most frequently about clearings, — 
around coal piles at Macdiarmid, near an old board walk at the aban- 
doned Revillon Frfercs fur post at Ombabika bay, near the Mission house 
at McIntyre bay and in clearings around our tents. A specimen taken 
Aug. 19, 1921 had 438 seeds of lambs quarters {Chenopodium album) 
in its cheek pouches. Av^erage of eleven specimens: L., 199; T., 94; 
H.F., 31. 

Tamias striatus griseus Mearns. EASTERN CHIPMUNK. — 
The eastern chipmunk was common. Average of eleven specimens: L., 
258; T., 105; H.F., 37. 
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Sciurus hudsonicus hudsonicus (Erxleben) . RED SQUIRREL. 
— The red squirrel was not particularly abundant during the summers 
we spent on Lake Nipigon. Average measurements of seven specimens: 
L., 295; T., 117; H.F., 45. 

Olaucomys sabrinus sabrinus (Shaw). NORTHERN FLYING 
SQUIRREL. — No flying squirrels were seen during our four summers 
on Lake Nipigon but four were collected for us by Mr. Duncan Bell 
during the winter of 1921-22. They are said to be quite common and 
to be frequently taken in traps set for fur-bearing mammals during the 
winter. Average measurements of four specimens: L., 313; T., 138; 
H.F., 40. 

Castor canadensis canadensis Kuhl. BEAVER.— The beaver 
is still quite common especially back some distance from the lake and 
forms an imi:>ortant item in the fur production of the district. No 
specimens were taken. 

Peromyscus maniculatus maniculatus (Wagnek). WHITE- 
FOOTED MOUSE. — White-footed mice were very common. During 
the summer of 1921 they were excessively abundant, entering stores and 
dwellings and swarming almost everywhere in the bush. Many were 
caught in our laboratory above the fish-packing plant. One evening 
four were taken in less than half an hour in two traps placed on the 
laboratory table not four feet from where one of the party was sitting 
and while half a dozen persons sat chatting within a few feet of the 
table. Out of doors they were taken in the deej) hush, in dry clearings, 
in quaking bogs and by the water’s edge. They became active at dusk 
but one was taken in a trap between 7 a.m. and 1 p.ni. 

During the early part of the following summer the mice wxre very 
scarce, none being taken until after July 1, although we had placed out 
more than a dozen traps on several occasions during the preceding 
month. They became more common later but could always be described 
as scarce throughout the entire season. During 1923 and 1924 they were 
more numerous but never approached their abundance during 1921. 

It is believed that other species of small rodents suflfered a reduction 
in numbers at the same time, for meadejw mice, red-backed voles and 
mole shrews were also noticeably scarce during the early part of the 
summer of 1922. That the same condition prevailed over a much wider 
area is suggested by the migration of arctic foxes into the southern part 
of the Labrador peninsula during April and May 1922. According to 
Lewis (1923) thousands of Arctic foxes were trapped in southern Labrador 
before June 1 of that year during what he describes as “A notable in- 
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vaslon of Arctic foxes*’. Cabot (1920?) has drawn attention to the 
periodic fluctuation in the numbers of mice in Labrador and its profound 
influence on the numbers and distribution of the predaceous birds and 
mammals of the region. What the species is or whether more than one 
species is involved is not indicated, except that he described “the mouse 
of the barrens’* as “rather square built, about the size of a common 
field mouse, with shortish, stumpy tail”. This makes it evident, how- 
ever, that it is not the white-footed mouse that is concerned. 

May it not be that the white-footed mouse plays a similar role in 
the northern coniferous forests of Canada to that played in the more 
northerly regions of Europe and America by the lemmings and voles? 
(see Elton 1924). Seton (1918) has expressed his view as to the im- 
portance of mice in these words: “What moss is to the reindeer, what 
grass is to the cattle, the mouse millions of the north are to all the 
northern carnivores from Bear to Blarina, When we shall have fully 
worked out the life-history of each of these species, I believe we shall 
learn that the whole of that vast beautiful, important, and specialized 
production that we call the carniv'ora rests on a broad simple basis of 
muridae that in turn rests on the grass, that rests on the earth. We 
shall for each of these flesh-eaters write, ‘it sometimes eats this and 
sometimes eats that, but by far the greatest bulk of its food is mice.”’ 

Beyond the fact that the black bear was so abundant during 1921, 
we made no observations that seem to suggest a correlation between 
the abundance of mice and that of other creatures. The problem, of 
course, is complicated by the fluctuation in the number of hares which 
in this case were scarce when the mice were most numerous. 

Average of 41 specimens, a number of which, however, were not fully 
mature: L., 172; T., 86; H.F., 20J. Largest .specimens: L., 195; T., 93; 
H.F., 21. Eight of the forty-one .specimens were 180 mm. or more in 
total length. It may be of some significance that the specimens taken 
in 1921 when they were so numerous, averaged smaller than those 
taken in 1924. Of twenty-one specimens measured in 1921, the average 
measurements were: L., 167; T., 85; H.F., 20J. Only two of these were 
of 180 mm. or over in total length and one of these came from Shake- 
speare Island where the population may not have been so dense. Of 
this, however, we hav^e no data. Of ten specimens taken in 1924 the 
average measurements were: L., 175; T., 85; H.F., 201 and four of the 
ten were 180 mm. or more in length. 

S3maptomys cooperi fatuus Bangs. LEMMING MOUSE.— 
Three specimens were taken by Dr. Koelz while he was on Lake Nipigon 
in July 1922. One specimen, which he very kindly gave to our museum, 
measured: L., 108; T., 161; H.F., 161; female. 
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Evotomys gapperl gapperi (Vigors). RED-BACKED VOLE.~ 
The red-backed vole was not nearly so common, at least so far as the 
results of our trapping indicate, as the white-footed mouse or the meadow 
mouse. Most of our specimens were taken during the summer of 1921 
when the white-footed mice were also so much more numerous. Average 
measurements of 14 specimens: I.., 132.^; T., 37^; H.F., 19. One was 
taken in a fire rangers* cabin which we occupied for two nights while 
camped on Humboldt bay in June 1924. Most of the others were taken 
in damp, cool woods although a few were trapped in higher, drier situa- 
tions. 

Microtus pennsylvanicus fontigenus (Bangs). MEADOW 
VOLE. — The meadow vole was fairly common in the clearing around 
Macdiarmid, especially along a little brook which flows through the 
southern edge of the village. Average measurements of 22 specimens: 
L., 147; T., 39; H.F., 20. The largest specimen measured 164 mm., 
and six of the twenty-two were 160 mm. or over in total length. One 
specimen was identified by Dr. Hartley H. T. Jackson as ''Microtus p. 
Jontigeuus approaching pennsylvanicus" ^ 

Ondatra zibethica zibethica (Linn.). MUSKRAT.— The musk- 
rat is comparatively scarce around Lake Nipigon, no doubt due to the 
small area of marshy land about the lake. Our only specimen was 
caught in the trap net set for minnows in a small brook flowing through 
the southern edge of the village of Macdiarmid. It had drowned before 
the net was lifted. L., 505; T., 238; H.F., 76. 

Mus musculus musculus Linn. HOUSE MOUSE.— No speci- 
mens were taken during 1921, although more trapping was done that 
season than during any succeeding year. The first specimen was taken 
June 16, 1922. Several others were trapped during the same season 
and by 1924 they had become fairly common. Practically all our speci- 
mens were trapped out-of-doors but within the village of Macdiarmid. 

Zapus hudsonius hudsonius (Zimmerman). JUMPING 
MOUSE. — This species was not uncommon. A specimen was found 
on Aug, 5, 1921 in a trap net set for fish in a small stream flowing into 
South bay. Whether it had entered the net alive and drowned, or floated 
in when dead is unknown. The species, however, appears to frequent 
the banks of streams as quite a number of our specimens were secured 
in such localities. Average of five specimens taken during July and 
August 1924: L., 214; T., 131; H.F., 30. 
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Napaosapus insignia abietorum (Preble). WOODLAND 
JUMPING MOUSE. — ^The woodland jumping mouse was less common 
than the preceding species but like it, was commonly taken along streams. 
On May 26, 1922 a jumping mouse was seen near a small stream flowing 
into Sturgeon river. On being alarmed, it entered the water and either 
ran on the bottom or swam upstream a short distance, then took to the 
shore, and disappeared into a hole. It was seen for only a few seconds 
and its method of progression upstream was not clearly made out but 
it was not by the usual long leaps and it was along the course of the 
stream. This individual was presumed to be of this species on account 
of its bright tawny colour. Our observations agree with those of 
Goodwin (1924) that this species is sometimes active during the day- 
time, On May 29, 1922 another specimen of this species was seen about 
noon near the landing place at Sturgeon river. Snyder (1924) has 
described a nest of the jumping mouse and some features of its behaviour 
observed at Macdiarmid. Average of three specimens: L., 241; T., 155; 
H.F., 32. 

Erethizon dorsatum dorsatum (Linn.). PORCUPINE. — ^The 
porcupine was not very abundant around Lake Nipigon. One was seen 
on July 19, 1922 on the ix)rtage between Black Sturgeon bay and Black 
Sturgeon lake, and another was seen across the bay from Macdiarmid 
during the same summer. 

Lepus americanus americanus Erxleben. V^ARYING HARE. 
— The varying hare was abundant in the Lake Nipigon region during 
the summer of 1924. In 1921 they were quite scarce but it was difficult 
to determine definitely the year when they had last been wiped out 
after reaching their periodic maximum of abundance. From enquiries 
which I made, it seemed probable, however, that it was during the winter 
of 1918-19 that they had died off. 

On the night of June 18, 1924 while sleeping in an abandoned building 
at the Revillon Fr^res post on Ombabika bay, we were disturbed by an 
animal gnawing in the next room. From the vigorous nature of the 
gnawing we at once decided that a porcupine was at work and as we 
had secured no specimen of this mammal we proceeded to set some 
traps. Hardly had we returned to our beds when the trap was sprung 
and examination showed that we had caught a hare. The trap was 
reset and before we had fallen asleep a second specimen had been taken. 
Next day we heard a similar gnawing and were able to approach quite 
closely to the animal. The boards that were being gnawed were of hard 
wood and formed part of the floor of what had been a boarding house 
during railway construction days. The gnawing was not a continuous 
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operation, the hare would rasp the edge of the board vigorously for a few 
seconds and then cease, apparently to rest for it was quite noticeably 
panting l^tween gnawing operations. Only two adults taken: L., 444; 
T., 38; H.F., 135. 

Odocoileus virginianus borealis (Miller). WHtTE-TAILKD 
DEER. — The white-tailed deer is a comparatively recent addition to the 
fauna of the region. It is difficult to fix the date when the species 
reached Lake Nipigon but it came in after the moose, perhaps twenty- 
five years ago. Shiras (1921) states that this deer was unknown on 
the north shore (of Lake Superior) when he came to the region in 1870. 
It is not yet nearly so numerous around Lake Nipigon as the moose but 
is rapidly increasing in numbers. 

Alces americana americana (Clinton). MOOSE.— Moose are 
now abundant in the Nipigon region although according to the Indians, 
they were formerly unknown there. This is supported by the statement 
of Shiras {loc, cit.) who says that when he first visited Lake Superior in 
1870, moose were practically unknown on the southern or northern 
shores of this lake, and the same was true, he says, of a large area north 
of Lake Huron. The invasion by the moose of this territory formerly 
occupied only by the caribou, Shiras attributes to the improvement in 
the food conditions through the partial clearing of the country by 
lumbering and forest fires, followed by the second growth of poplar, 
birch and other trees and the increa.se of ground vegetation. Although 
the territory immediately surrounding Lake Nipigon now forms part 
of the Nipigon Forest Reserve and has never been cut over nor visited 
by any serious fires for many years, Bell (1870) found evidence in the 
Nipigon country that the forests had been swept by fires in past times 
and the Indians told him that these fires often originated from lightning. 
We ourselves saw a tree set afire by lightning on July 14, 1922 on the 
hills across the bay from Macdiarmid. This fire was put out by the 
fire rangers. We were told that it was not unusual for lightning to strike 
trees in that locality and it was popularly believed that this was due 
to the presence of iron-bearing rocks. Whatever has been the cause of 
the migration of the moose into the region, it is evident that they have 
found conditions here suitable, for they arc now very abundant. Mr. 
Dan Kerr, a fire ranger stationed at a lookout tower near Macdiarmid 
has seen eleven moose feeding at one time in the little lake at the foot 
of the hill on which the lookout tower was situated. 

Bell (1897) believes that the moose migrates slowly from one large 
area to another through periods extending over many years and states 
that in the Gasp6 Peninsula the last interval between its leaving and 
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again returning to the same district was upward of half a century and 
in the region between the upper Great Lakes and James bay the period 
between his last withdrawal and reappearance has been still longer. 

Moose were seen on numerous occasions by members of our party. 
One or two incidents so observed may be worth recording. On July 10, 
1923 L. L. Snyder and the writer observed a cow moose feeding in a 
small lake on a plateau some flistance above the level of Lake Nipigon. 
We had approached the lake noiselessly so as not to scare any ducks 
which may have been present. On reaching the edge of the lake we 
saw a brown object in the water about thirty-five or forty yards from 
us. At first glance it was taken for a log but we soon saw that it was 
the shoulders of a moose. In a few moments she raised her head but 
soon put it under the water again and resumed her feeding. At times 
she was completely submerged; at other times only the points of her 
shoulders were visible above the water. Sometimes the head was 
kept under water as long as half a minute but usually for only twenty 
seconds or less. When she raised her head she sometimes chewed for 
a short time and sometimes resumed her feeding on the bottom as soon 
as she had taken a breath of air. After feeding for perhaps fifteen or 
twenty minutes she waded to shore, shook herself, giving the ears two 
or three extra shakes and then disappeared, but so noiselessly that we 
could scarcely believe that she had walked into the bush. 

On June 2, 1922 while camped on the Gull river about three miles 
from the lake, when making breakfast about 8 a.m. a young moose 
appeared on the opposite shore of the river making a sound resembling 
that of a child crying. After hesitating for a moment it started to 
swim towards us. When about ten yards from the shore on which we 
were standing it turned and swam back to the side from which it had 
come. The Indians at Gull bay village about a mile away told us after- 
wards that it had l^een wandering about alone for two weeks. At the 
time we saw it the Indians suggested that it would be about a month 
old and it could not have been much older than that for the young are 
born here towards the end of April or beginning of May. During that 
spring and the preceding winter large numbers of moose had died in 
the district. The Indians believed the loss to be due to ticks and we 
were given a specimen which was said to have been taken from a dead 
moose. Unfortunately the specimen was lost before it could be identified. 
It is quite probable that it belonged to the same species {Dermacentor 
albipictus Packard) that is reported to have been responsible for the 
death of so many moose in northern Saskatchewan in the spring of 1916 
(Report of the Chief Game Guardian, 1916. Department of Agriculture, 
Regina, Sask.). 
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Rangifer caribou (Gmelin). WOODLAND CARIBOU— The 
caribou was formerly the only deer found in the district but has become 
uncommon especially since the construction of the National Trans- 
continental Railway across the north end of the lake between 1908 and 
1912. Mr. T. U. Fairlie of the Engineering Department of the Hydro- 
Electric Power Commission, who was engaged on preliminary location 
work in connection with the building of the railway, in a letter to the 
writer states “I was in the district to the north and east of Lake Nipigon 
in 1901 and 1905 and saw a considerable number of moose, which occa- 
sionally travelled in pairs. 1 saw no red deer for two years, but occa- 
sionally saw caribou and on only one occasion on a small muskeg lake 
about a mile east of Kowcash lake, I saw a herd in January 1905 of 28 
caribou. This was the largest herd I saw. We saw evidences of herds 
at different points, but failed to see the animals”. 

Fresh tracks were seen in the sand on the beach of Russell Island, 
Lake Nipigon on July 27, 1922; Aug. 20, 1923 and June 30, 1924, and 
W. J. K. Harkness and C. S. Hanes saw a male on the Kabitotikwia 
river on July 24, 1924. Quite a number summer in out of the way places 
throughout the district. 
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THE SUMMER BIRDS OF LAKE NIPIGON 


By L. L. Snyder 

Introduction and Acknowledgements 

Although considerable information is extant on the distribution of 
birds during the breeding season in the vast Province of Ontario, addi- 
tional data are needed from many localities, especially in Northern 
Ontario, where little or no work has been done. Lake Nip^igon presented 
a field of this kind. The geology, botany, ichthyology and limnology 
of the area have been studied more or less extensively but no systematic 
record of the summer bird life had been made. It .seemed particularly 
desirable to undertake this work before conditions had bcK:ome changed 
by deforestation and industry, and coUvsequently the writer spent the 
months of June and July, 1923, in field collecting. In 1924 the same 
months and early August were also spent in the region. The following 
account of the summer birds is based principally on the collection of 
skins and the field notes made during these two summers. 

The grateful acknowledgement of the writer is due the following 
persons who in various ways have assisted in the work: Mr. J. H. Fleming 
of Toronto for his advice and for the use of considerable comparative 
material; Mr. P. A. Taverner of Ottawa who kindly examined specimens 
referred to him; Dr. Walter Koelz who has communicated notes relative 
to certain birds observed by him at Lake Nipigon during the summer of 
1922; Mr. J. L. Baillie of the Museum staff who acted as field assistant 
during the summer of 1924; and the members of the Fisheries Research 
Laboratory and Museum staff who a.ssisted in many ways. 

Gkner.\l Account 

The area with which the present paper is concerned includes 
the whole of Lake Nipigon and its immediate shores, no excursions 
penetrating more than five miles inland having been made during field 
work. This area consists of approximately 2800 square miles. 

A headquarters camp was located at Macdiarmid, a fishing village on 
Pijitawabik bay (known locally as Orient bay) and it was in this region 
that a more intensive survey was made, especially during the summer 
of 1923. From this base, trips were made to other points on the lake. 
On the map on plate X the points visited are indicated by a black dot 
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and in most cases these marks represent the centre of a reconnoitered 
area. 

The collecting of material was carried on selectively, an attempt 
being made to secure representative skins of each species occurring in 
the region in summer. In many cases both sexes are represented and in 
some the nestlings or immatures as well. In some cases, more particu- 
larly where subsp)ecific identity was in question, a scries of skins was 
secured. The collection comprises 313 skins representing 92 species 
and subspecies, a catalogued collection of the stomachs of all the birds 
collected, a number of internal and external parasites, 11 nests with 
eggs and a number of identified nests without eggs and seven nestlings in 
alcohol. 


Annotated List 

There are 99 species or subspecies of birds included in the following 
list, 92 of which are represented in the collection made by this survey. 
The other records are based on positive field identifications made by us 
and material secured by Dr. Walter Koclz in 1922. No reference is 
made to Wilson’s list since it was not confined to summer birds and 
was admittedly incomplete. 

A catalogue of the specimens secured by us is included in which all 
young of the year are indicated by Juv.” ; birds without mature plumage 
but known to be in the second year are dCwsignated as “Im.” 

The classification used is that of the Third Edition of the American 
Ornithologists* Union Check List, 1910, and the nomenclature conforms 
with this edition with such revisions as have been since made in the 
supplements published in the ‘Auk.’ 

The matter relating to each species has been paragraphed in the 
following order, — identity, abundance and local distribution, evidence 
as to whether the species breeds in the locality or not, and general 
remarks. Where comment is unnecessary or where information is 
lacking the corresponding sections have been omitted. 

Gavia immer. LOON. — In proportion to the extent of apparently 
favourable habitat, this species was not common. Single individuals or 
pairs were seen at widely separated points on Lake Nipigon while none 
was seen on the numerous small inland lakes in the region. 

Two partly feathered young in company with an adult were seen 
off Shakespeare island on Aug. 4, 1924. 

Loons were well known to the fishermen, who mildly objected to 
their presence, principally on the grounds that they entered the pound- 
nets and were difficult to remove. They did some damage to the 
trapped fish but on account of their scarcity were not a serious menace 
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to fishing. The Indians of the region consider loon’s flesh to be good 
when boiled. 

cT July 18, 1924, F-ast bay. ^ July 26, 1924. East bay. 

Larus argentatus. HERRING GULL.—These birds were com- 
monly observed when we were making a lake trip and numbers continual- 
ly followed the fishing tugs. From forty to seventy-five individuals could 
be noted about Orient bay on the days when the fishing tugs returned 
to Macdiarmid. These had followed the boats to port and would gorge 
themselves on the refuse from fish-dressing operations, which was 
deposited across the bay. 

Four breeding colonies were discovered, one on Box island (J. R. 
Dymond, May 30, 1922) ; one on a small island at the entrance to McIn- 
tyre bay (known to residents as Grand bay) ; one on a small rock island 
about one mile ofT the northeast shore of Murchison island; and one on a 
rock clifT on the southwest shore of Ombabika bay. The colony off 
Murchison island was examined on June 18, 1024, and both newly 
hatched young and eggs were noted in numbers varying from two to 
three in a nest. This colony comprised approximately twenty-five pairs. 

It seems doubtful if the herring gull does much independent fishing 
on Lake Nipigon, the offal from the fishing industry affording it a 
constant food supply. On the rock off Murchison island a number of 
ling (Lota maculosa) were scattered about. These had probably been 
found dead by the gulls, as numbers of ling taken from the nets and 
killed by the fishermen arc thrown overboard. Individuals appear to 
forage over the entire lake, thirty-six adults having followed our boat 
on one occasion for over twenty miles. Although flocks of gulls were 
carefully examined, argnitaius was the only species seen. No brown 
immatures were noted except late in the season. It would seem, there- 
fore, that Lake Nipigon is primarily a breeding area and not a feeding 
range for non-breeding birds. 

Juv. ? June 22, 192 1. Murchison island. 2 ? July 5, 1923. Naonan island. 

Phalacrocorax auritus auritus. UOUBLE-GRESTED COR- 
MORANT. — Cormorants were not common on Lake Nipigon and were 
not noted during the summer of 1923, although known to the fishermen, 
who called them “Soldiers”, a name derived from their habit of sitting 
somewhat upright in what would appear to be straight alignment. 

On June 18, 1924, a breeding colony of double-crested cormorants, 
the first to be found in Ontario, was discovered on a small rock island, 
about sixty feet long and fifty feet wide, off the northeast shore of 
Murchison island. On the same island nested a number of herring 
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gulls. Nineteen cormorants* nests were counted, and all but one were 
occupied. The nests contained from four to five naked young, or 
eggs, or both. Those examined were infested with fleas (unidentified), 
a large number of which were preserved. Individual cormorants were 
seen at two other places on Lake Nipigon but no other breeding grounds 
were found. 

The species, according to fishermen, is occasionally taken in the 
pound-nets, but this is rather unusual, as it prefers to feed in deeper 
water than that in which pound-nets are set. 

Juv. ? June 18, 1924. Murchison island, cT June 18, 1924. Murchison island. 

(alcoholic). 

9 June 18, 1924. Murchison island. 

Mergus americanus. MERGANSER. — The status of this .species 
at Lake Nipigon was not satisfactorily worked out. Mergansers were 
fairly well distributed about the rocky shores of the mainland and 
islands, but because of the difficulty in approaching them few were 
collected. Although field identification was seldom certain, it seems 
that this species occurs on the lake as frequently as the next. 

Mergansers breed on the rocky shores of the mainland and of the 
islands. Brotxls of mergansers were noticeably smaller than is frequently 
recorded, six or seven being the largest number noted. 

Mergansers were never noted on the inland lakes nor were they 
characteristic of the shallow bays of Lake Nipigon. Males were rarely 
seen and then only at considerable distances, usually near islands far 
out in the lake. They were not well known to the fishermen and although 
the two species constituted the most common ducks of the more open 
water and fed ujxin small fish, they were not looked ufKin as detrimental 
to fishing. 

9 June 20, 1923. Macdiarmid. Juv. cf July 4, 1924. Virgin islands. 

Juv. 9 July 4, 1924. Virgin islands. Juv, ? July 4, 1924. Virgin islands. 

Mergus serrator. RED-BREASTED MERGANSER.— Not suffi- 
cient material was collected to estimate the comparative abundance of 
this species and the preceding, but it seems probable that they occur in 
about equal numbers. The evidence at hand, however, makes it clear 
that the breeding ranges of the two species overlap in the Nipigon 
region. 

A well preserved but abandoned nest of a merganser, thought to be 
of this species, was found on the boulder-strewn shore of a small island 
near the northeast shore of Ombabika bay. A family consisting of an 
adult female and five young was seen off the Windigo islands on July 
27, 1923, one young being secured. 
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Like the preceding species, the red-breasted merganser seems to 
prefer to feed in the clear, deep water about islands. No males of this 
species were positively identified in the field during either summer. 

Juv. cT July 27, 1923. Windigo islands. 

Anas platsrrhynchos. MALLARD.— This species was met with 
in only three localities, Humboldt bay, Black Sturgeon bay and Chief 
bay. The area suited to this duck is comparatively small and it was 
probably never pre.sent in great numbers. 

A female and two downy young were observed at the mouth of the 
Onaman river in Humboldt bay on June 29, 1924. Single females were 
observed at the two other localities mentioned above and it is probable 
that they were also breeding birds. A single male was seen in Humboldt 
bay the day previous to our noting the female with young. Since it was 
seen in the same small bay in which the family was observed, it may 
have been the male parent of the brood, not yet having disassociated 
himself from the female. 

Unlike the diving ducks the female mallard took wing when ap- 
proached, leaving the young to escape by concealment in the vegetation 
bordering the bay. 


Juv, cf* June 29, 1924. Humboldt bay. 

Anas rubrlpes. BLACK DUCK. — From the evidence secured it is 
doubtful if this species is a regular summer resident of the Lake Nipi- 
gon region. The only specimen seen was flushed from a small grassy 
lake near Macdiarmid on June 17, 1924. .Although a number of sub- 
sequent visits were made to the same lake it was not seen again. 

Olaucionetta clangula americana. GOLDEN-EYE.— This was 
the most common duck of the Nipigon region, but peculiarly enough 
only one male was identified during the two summers, viz., on June 28, 
1924, off Murchison island. 

Practically all of the small inland lakes harboured at least one family 
of golden-eyes and they were also found in the mud bottomed, grass- 
grown bays. These families usually consisted of a female and from 
four to six young. The largest number of young observed in one brood 
was ten. Young were first observed following the female during the 
last week of June. 

A family of golden-eyes resorts to a number of methods of escape 
when threatened. When the first sign of danger appears the females 
usually lead the young quickly, but quietly, to the nearest shelter along 
shore. If this fails to elude the enemy tliey meet the emergency by 
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dashing from their retreat, attempting to put distance between them 
and their pursuer in order to repeat their ruse. However, if hard- 
pressed, their next resort is to dive. If chase is continued after each 
member as it reappears on the surface of the water, it dives again im- 
mediately and the whole family is soon lost completely, scattered and 
submerged in all directions. Once or twice while watching this perform- 
ance I have been able to detect a submerged bird come to the surface 
and disappear again in a flash, hardly disturbing the water about it. 
This method of taking air (and keeping sight of an enemy) is difficult 
to detect but is probably more common than the supposed method of 
protruding the bill above the surface of the water. Females usually 
remain with their young when alarmed, but on one or two occasions I 
have known them to fly. The young are capable of evading ordinary 
dangers by the method described above but at least one other method 
is practised when they are still very young. On June 29, 1924, a female 
golden-eye was observed in open water with two newly-hatched young. 
When the young became tired by the rapid pace set by the female she 
retarded her progress and allowed them to climb on to her back, where 
she carried them for a considerable distance. The young of this species 
were still flightless when field work was discontinued, during the second 
week of August, 1924; a specimen taken on August 9 having the under 
feathers of the body well developed, while the back, except the scapu- 
lars, which were well developed, was covered with down. The rectrices 
were nearly fully developed, while the flight-feathers were very im- 
perfectly so. 

2 Juv. 9 July 10, 1923. Newt lake. Juv. 9 June 29, 1924. Humboldt bay. 

Juv.cT July 10, 1923. Newt lake. 9 July 3, 1924. Macdiarniid. 

9 July 14, 1923, Macdiarmid. 9 July 4, 1924. Naonan island. 

9 July 17, 1923. Macdiarmid. 2 Juv. ? July 15, 1924. Chief bay. 

Juv. 9 July 20, 1923. Fairloch, Juv. ? July 26, 1924. Orient bay. 

9 July 2p, 1923. Fairloch. Juv. 9 Aug. 9, 1924. Humboldt bay. 

Oidemia deglandi. WHITE-WINGED SCOTER.-On June 18, 
1924, five of these ducks were seen on Ombabika bay. It is not known 
whether the species breeds within the area or not as this was the only 
occasion on which it was seen during the two summers. 

Botarus lentiginosus. BITTERN. — In the more heavily vegetated 
bays and in the grassy borders of some of the inland lakes bitterns 
were occasionally flushed. 

The species breeds in these situations, a nest with four fully feathered 
young having been found near a small lake northeast of Macdiarmid, 
on July 23, 1924. Another nest, abandoned, and probably of the pre- 
ceding year, was found at Humboldt bay in late June, 1924. 
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The bittern may feed a considerable distance from its breeding 
ground as is known to be the case with other members of its family. 
One individual was frequently seen flying from its nesting place to the 
mouth of the Pustagone river, two and one-half miles distant, to feed. 
The trips to the feeding place were usually made about 5 p.m. An 
unusual observation of this species was made when a bittern was seen 
to alight in the top of a dead spruce tree and remain perched there for 
some time. 

9 July 4,1923. Bear creek. 2 Juv. July 23, 1924. Macdiarmid. 

9 July 19, 1924. Macdiarmid. 

Pisobla minutilla. LEAST SANDPIPER. — One specimen was 
taken on the rocky shore of Windigo bay on July 26, 1923. Although 
the specimen was in all probability an early returning migrant, it is 
included in the present list because of its occurrence in the region during 
the summer. 

9 July 20, 1923. Windigo bay. 

Totanus melanoleucus. GREATER YELLOW-LEGS.— A crip- 
pled individual was found feeding along the muddy banks of Bear creek 
on June 16, 1924. It was again noted by members of the Fisheries 
Laboratory later in the season near the same place. This bird, which 
was incapacitated by a broken leg, was probably unable to reach its 
breeding grounds to the north and was of accidental occurrence at 
Lake Nipigon in summer. 

Actitis macularia. SPOTTED SANDPIPER.—The spotted 
sandpiper was common in suitable situations about the lake. 

The earliest date on which a full clutch of eggs was found was June 
19, in both years. 

Record has been made of some more or less unusual behaviour of 
this species as noted at Lake Nipigon. (Snyder 1924a). 

d* June 19, 1923. Orient bay. Juv. d* July 26, 1924. Orient bay. 

Ozyechus TOCiferus. KILLDEER. — ^The killdeer was not a common 
bird for the region as a whole, but a pair was usually to be found on the 
more suitable sandy flats along the shores of some of the bays. 

Downy young were seen by the last of June but no nests with eggs 
were found. The breeding grounds of this species will doubtless be 
reduced by the projected raising of the lake level. 

A newly hatched young held in the hand was observed to have a 
weak call-note which was an exact imitation of the loud **killdee'’ 
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note of the adult. The adroitness of the young at concealment is no 
less effective than the behaviour of the parents when the young are in 
danger. On account of their behaviour it was impossible at times to 
determine the position of the young within a hundred yards, the parents 
being concerned as much with one situation as with another. 

Juv. 9 June 20, 1924. Ombabika bay. 9 June 28, 1924. Humboldt bay. 

Canachites canadensis canace. CANADA SPRUCE PART- 
RIDGE. — ^There is some variation in the colour of the female specimens 
secured, most of which can be accounted for by wear. This complicates 
the subspecific determination of the birds, but geographically the Nipigon 
region is nearer the range of the subspecies canace than it is to that of 
canadensis. Insufficient material was available for satisfactory com- 
parison but Mr. Taverner who examined these specimens calls them 
canace. 

The species was not common, none being noted in 1923. 

Newly hatched young were met with on two occasions and specimens 
were secured. 

The notes of the downy young of this species were noted to be very 
similar to those of a domestic chick. 

9 June 21, 1924. Ombabika bay. 9 June 30, 1924. Russell island. 

Juv.? June 27, 1924. Ombabika bay. cT July 17, 1924. Macdiarmid. 

2 Juv.? June 30, 1924. Russell island. 9 Aug. 1, 19‘^. Macdiarmid. 

Bonasa umbellus togata. CANADA RUFFED GROUSE.— Of 
the seventeen specimens taken, twelve are adults or feathered young. 
This series is referable to the subspecies togata ^ the general colour 
of the upper parts being a grayish brown. There is an interesting 
variation in the amount of black on the dorsal feathers but this is par- 
tially due to wear. The series shows rather uniformly gray tails. The 
specimens can be matched with birds from southern Alberta and British 
Columbia as well as from northern and central Ontario. 

Grouse were fairly common in the Nipigon region during both 
summers, being seen regularly near settlements as well as in the wilder 
parts. 

Newly hatched young were first seen by the last week of June. 

With one exception all males collected or identified in the field were 
solitary birds preferring the deeper woods. One male, however, was 
flushed in company with two hens, both of which, to judge by their 
behaviour, were concerned with the numerous young which scattered 
and concealed themselves in the leaves. On June 26, 1924, a downy 
young grouse, capable of flying ten or fifteen yards, was collected. The 
wing of this specimen measured 44 mm. 
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Juv. ? June 28, 1923. Macdiarmid. 
cf* June 14, 1924. Macdiarmid. 
cf* June 19, 1924. Ombabika bay. 
cT June 21, 1924. Ombabika bay< 
4 Juv. ? June 21, 1924. Weathcrbe. 

9 June 21, 1924. Weathcrbe. 


Juv.cT June 26, 1924. Ombabika bay. 
Juv. ? July 3, 1924. Macdiarmid. 

4 Juv. ? July 16, 1924. McIntyre bay. 
9 July 24, 1924. Macdiarmid. 
Juv.cf July 26, 1024. Orient bay. 


Circus hudsonius. MARSH HAWK.— This hawk is of rare 
occurrence in the Nipigon region, only one pair being seen. Open 
muskeg, or bogs where tree growth is stunted and thin, were not extensive 
in the region; thus the habitat of the species was limited. 

A nest with four eggs and a newly hatched young was collected in 
an open bog on the north shore of Ombabika bay on June 22, 1924. 
The nest, made of alder twigs and thickly lined with dry grass, was 
placed on a slight elevation in the moss. 

Juv. ? June 25, 1924. Ombabika bay, (alroholic). 


Accipiter velox. SHARP-SHINNEl) HAWK.— An adult female 
was taken on July 22, 1923, at Macdiarmid, and the species was noted 
on two other occasions, once near Orient bay station in 1923 and again 
at Black Sturgeon bay in 1924. 

No evidence that the species bred in the region was secured. 

9 July 22, 1923. Macdiarmid. 


Buteo platypterus. BROAD-WINGED HAWK.— This species 
was the most common hawk of the region, being ol)scrved in practically 
every locality visited. Its characteristic notes were heard almost daily. 

The immature bird taken was in badly worn plumage and was seen 
in company with a bird of mature plumage. 

July 5, 1924. Macdiarmid. Im. July 7, 192.3. Macdiarmid. 


Haliaeetus leucocephalus alascanus. NORTHERN BALD 
EAGLE.~A few pairs were known to occur in the region, two indi- 
viduals having been seen at Gros Cap on July 14, 1924, and one on 
the following day at Chief bay. 

An almost fully feathered young was secured from a nest on East 
bay and at least one other nest was known to residents of the region. 
An adult eagle seen on July 15, carrying a stick in its talons, was pro- 
bably enlarging or repairing its nest. 

Juv. ? July 8, 1924. East bay. 

Palco columbarius columbarius. PIGEON HAWK.— The 
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pigeon hawk was found to be fairly common and generally distributed 
over the area covered. 

A nest with two downy young was found on July 2, 1924. It was 
situated twenty feet from the ground near the trunk of a live white spruce 
and was composed of barked twigs and lined with moss, cedar-bark 
fibre, bits of paper and scraps of discarded fish nets. 

The adults collected were dark in colour being examples of the dark 
females and immatures of this form. No light specimens were noted in 
the field. 

2 Juv. ? July 2, 1924. Orient bay. 9 July 26, 1923. Windigo bay. 

9 July 2, 1924. Orient bay. Juv. 9 July 27, 1923. White Sand river. 

Cerchneis sparveria sparveria. SPARROW HAWK. — This hawk 
was fairly common and well distributed through the region. 

Nests were found in abandoned woodpecker holes during both 
summers. 

A male which was attempting to pick up the downy young of the 
ruffed grouse was collected on June 21, 1924. 

& June 21, 1924. Weatherbe. 9 July 10, 1924. Macdiarmid. 

Pandion haliaetus carolinensis. OSPREY.— This species was 
seen during both summers. It appeared to be more common at the 
northern part of the lake than elsewhere. Its local distribution seemed 
to depend somewhat on the presence of shallow bays. An osprey was 
seen feeding on a northern sucker, Catostomus catostomus. This fish 
is normally found in fairly deep water in the lake but resorts to 
streams in spring to spawn, and it was from a stream that the osprey in 
question was seen to take the sucker. 

One nest was found situated on the top of a live white spruce some 
ninety feet from the ground. It was estimated to measure at least four 
feet in diameter and as much vertically. Although it could not be 
examined the behaviour of the adults suggested the presence of young. 

9 July 6, 1924. Orient bay. 

Agio wilsonianus* LONG-EARED OWL. — A single specimen 
was taken on the north shore of Ombabika bay. The Indians to whom 
it was shown had never seen the kind before and it appears not to be 
numerous in the region. 

d' June 24, 1924. Ombabika bay. 

Cryptoglaux acadica acadica. SAW- WHET OWL.— We did not 
meet with this species during either summer at Lake Nipigon but Dr. 
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Walter Koelz collected two young in the Kirtland’s owl plumage, one 
of which is in the Museum of Zoology, University of Michigan. These 
young were taken on July 21, 1922, near Macdiarmid and were probably 
reared in that vicinity. 

Bubo virginianus pallescens. WESTERN HORNED OWL.— 
Two juvenile specimens were secured. Mr. P. A. Taverner, to whom 
they were submitted, refers them to the subspecies pallrsccvs within 
the A, O. U. meaning of the name. He remarks that, *Tt is evident that 
this north Lake Superior country is out of the breeding range of the 
red eastern 7^. v. virginiayms''. An adult seen in the field but not 
secured impresvsed the writer as being a strikingly grey bird, noticeably 
different from the typical eastern form. 

The species was known to breed in at least two localities on Lake 
Nipigon, near Macdiarmid, and a mile or two up Bear creek. 

Juv. 9 June 23, 1 9211. Macdiarmid. Juv. cT June 23, 1923. Macdiarmid. 

Ceryle alcyon alcyon. BELTED KINGFISHER.— The species 
was locally common. It seems probable that it has increased since the 
railroad was constructed, as it appears to nest exclusively in the sand- 
banks along the right of way. 

Its tunnels were to be found in many of the exposed banks but no 
evidence was found of its nesting in the crevices in the rock cliffs along 
the lake shore. A nest examined on July 3, 1923, contained seven partly 
feathered young. 

9 June 20, 1923. Macdiarmid. 

Dryobates villosus leucomelas. NORTHERN HAIRY WOOD- 
PECKER. — It is evident that the Nipigon birds of this species are 
intermediate between typical villosus and leiKonielas, If 5 inches 
(127 mm.) in wing length is accepted as a dividing point between the 
two forms, two specimens collected are readily referable to the latter 
while a third specimen tends very slightly to the former. The measure- 
ments of the culmens exhibit an intermediate tendency. With the 
slight evidence in favour of Icucomclas the specimens are referred to 
that subspecies. 

Hairy woodpeckers were not common at Lake Nipigon although they 
were seen at a number of localities. They were not nearly so frequently 
met with as was the downy woodpecker. 

The species breeds in the region, a scattered brood having been seen 
at Windigo bay on July 26, 1923. 

Juv. 9 July 26, 1923. Windigo bay. 9 June 6, 1924. Macdiarmid. 

June 4, 1924. Macdiarmid. 
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Dryobates pubescens medianus. DOWNY WOODPECKER.— 
This was the most common of the woodpeckers of the region, being 
especially in evidence in the mixed forest where there was standing dead 
birch. 

A number of nests were found, especially late in the season when the 
hungry young in the nest were particularly noisy. The three juveniles 
collected were carefully sexed and the crown markings were found to 
indicate the sex as previously suggested by the writer. (Snyder 1924b.) 

& June 12, 1923. Macdiarmid. Juv. ? July 16, 1924. McIntyre bay. 

July 12, 1921. Macdiarmid. Juv. 9 July 23, 1924. Macdiarmid, 

Juv. 9 July 16, 1024. McIntyre bay. 9 Aug. 5, 1924. Shakespeare island. 

Juv. cf July 16, 1924. McIntyre bay. 

Picoides arctieus. ARCTIC TJIREE-TOED WOODPECKER. 
— This three- toed woodpecker was not an uncommon species. It fre- 
quented both the mixed forest and the black spruce forest but was 
more often seen in stands of dead black spruce. 

Two nests were found, one at Bear creek and another on the north 
shore of Ombabika bay. Both of these were occupied by young. 

9 June 27, 1923. Hear creek. 9 July 12, 1924. Macdiarmid. 

o' June 10, 1924. Macdiarmid. 

Sphyrapicus varius varius. YELLOW-BELLIED SAPSUCKER. 
— This species was rare, having been noted at only three localities. 

A family seen at McIntyre bay was the only evidence that the species 
breeds in this area. 

Juv. cf July 16, 1924. McIntyre bay. 

PhloBotomus pileatus abieticola. NORTHERN PILEATED 
WOODPECKER. — This woodpecker was generally distributed through- 
out the heavily forested areas but was not numerous in any section. 

A nest containing two young was found in the trunk of a live aspen 
on St. Paul island, and a pair nested in a dead paper birch in the clearing 
at Macdiarmid. 

A large charred stump which stood in the clearing at Macdiarmid 
was used daily in the early part of the summers of 1923 and 1924, by 
a male pileated woodpecker, as a '^drumming post"'. The loud, slightly 
accelerated rapping was alternated with the boisterous, flicker-like call 
of the species. Occasionally individuals were flushed from near the 
ground where they were feeding. Their large tapered drillings were 
found at the bases of living white cedars showing the remarkable ability 
of the species to locate insect-infected spots in green wood. 
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cT June 25, 1923. Orient bay. juv. cT July 14, 1924. St. Paul island. 

Juv. 9 July 14, 1924. St. Paul island. 

Colaptes auratus borealis BORE^^L FLICKER. — Geographi- 
cally the Nipigon birds belong to the subspecies borealis although one 
specimen taken is not as large as the average for that form. The other 
however, is a large bird measuring 317 mm. in length and 36 mm. along 
the culmcn. 

Flickers were quite frequently found in and about clearings and on 
a few occasions were met with in the wilder parts of the mixed forest. 

A number of flicker nests were found, one of more than ordinary 
interest having been located in a dead stub in a clearing south of Orient 
Bay station; the entrance was but eighteen inches from the ground and 
the young, which were nearly ready to leave the nest, were almost at 
ground level when at the b(Utom of the nesting chamber. 

cT June 22, 1924. Onibabika bay. o’ July 3, 1923. Macdiarmid. 

Chordeilea virginianus virginianus. NIGHTHAWK. — The 
nighthawk was not a common bird of the region as a whole. 

Two immature specimens were secured at Macdiarmid and what was 
thought to be a family was seen nightly, feeding over our camp clearing 
at Ombabika bay during the last week of June, 1924. 

During the breeding season the species was very silent, neither vocal 
nor mechanical sounds having been heard from the birds observed. 

2 Juv. ? Aug. 19, 1923. Macdiarmid. 

ArchUochus colubris. RUBY-THROATED HUMMINGBIRD. 
— The species was seen during both summers at Macdiarmid but was 
not common in the region as a whole. 

The flowering plants about the houses at Macdiarmid attracted 
adults throughout the summer but no evidence was secured as to whether 
the species bred in the region. 

Juv. o’ Aug. 11, 1923. Macdiarmid 

TsrrannuB tyrannus. KINGBIRD.- The kingbird appeared to 
be a rare and irregular summer resident of the Lake Nipigon region. 
It was seen at Macdiarmid by Mr. N. K. Bigelow during the summer of 
1922, and by us during the summer of 1924, but no other records of its 
occurrence in the region were secured. 


9 June 7, 1924. Macdiarmid. 
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Sayornls phcsbe. PHCEBE. — ^At least two pairs of phoebes were 
found near the settlement at Macdiarmid but none were seen elsewhere. 

Two nests were discovered, one being situated against the side of 
a log building and the other against the face of a rock cliff over the 
water. Both nests contained young. 

5 Juv. ? July 7, 1924. Macdiarmid (alcoholic). Juv. 9 July 12, 1924. Macdiarmid. 

9 July 7, 1924. Macdiarmid. 

Nuttallornis borealis. OLIVE-SIDED FLYCATCHER.— This 
species was well distributed through the stands of black spruce and was 
consequently more common at the north end of the lake where these 
woods were more extensive. 

While watching an olive-sided flycatcher through the binoculars it 
was noted that the white tips of the flank feathers are sometimes exposed 
on each side of the rump from beneath the wing. The song of the 
species, whip-whs6 is a characteristic sound of the desolate spruce 
forests. 


cf* June 27, 1923. Bear creek. 

Bmpidonax flaviventris. YELLOW-BELLIED FLYCATCHER. 
— ^These flycatchers were found in many of the moist inland ravines 
where alders covered the bottom. They were not common but appeared 
to be well distributed throughout the region. 

The song of this flycatcher is suggested by the syllables, 

9 June 13, 1924. Macdiarmid. cT June 16, 1923. Macdiarmid. 

Bmpidonax trailli alnorum. ALDER FLYCATCHER.— This 
species was not common but was frequently heard or observed in the 
alder and willow flats near the lake and along streams. 

A pair which behaved as if they were nesting was frequently seen 
at Cedar creek near Macdiarmid but no positive evidence that they 
nested there was secured. 

Two notes of the species were recorded in the field; one, a 
the second syllable being a slightly ascending slur, and the other, a be^ 
rtW, it being an emphatic utterance with the accent on the second 
syllable and slurred slightly downward. 

During a period of about three weeks (the first three weeks in July) 
the species was silent but later their characteristic notes were again 
heard. 


cf June 18, 1923. Orient Bay station. 


9 July 24, 1924. Macdiarmid. 
2 cf July 24, 1924. Macdiarmid. 
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Empidonaz minimus. LEAST FLYCATCHER —The least fly- 
catcher was the most common representative of its family, being found 
in all suitable localities visited. 

A freshly completed nest was found near Macdiarmid on June 9, 1924. 
It was situated about twenty feet from the ground in a crotch near the 
trunk of a paper birch which stood at the edge of an alder thicket. On 
June 16 the nest contained two fresh eggs and on June 22 the clutch 
contained four eggs. 

d' June 18, 1928. Orient Day station. Juv. ? July 21, 1924. Fairloch. 

d July 11, 1928. Macdiarmid. Juv'.o' July 28, 1924. Macdiarmid. 

Cyanocitta cristata cristata. BLUE JAY.— The species was not 
common and was seen at only three localities in the region, — Macdiarmid, 
St. Paul island and McIntyre bay. 

d June 13, 1924. Macdiarmitl. 

Perisoreus canadensis canadensis. CANADA JAY.— In the 
wilder sections Canada jays were frequently met with and on a few 
occasions they wandered into the clearing at Macdiarmid but did not 
stay long. 

Young of the year were collected, these very probably being reared in 
the region. 

The species was not found to be as fearless and familiar as they are 
reputed to be in the winter season. In fact they were inclined to be 
retiring in their habits. 

d June 25, 1923. Macdiarmid. Juv. cT Aug. 6, 1924. Shakespeare island. 

Juv. 9 July 10, 1924. McIntyre bay. 

CorvuB coraz principalis. NORTHERN RAVEN.— Six of these 
birds were seen near the railway north of Ombabika bay on June 27, 1924. 
This was the only occasion on which the species was seen by us. Ravens 
were not known by residents of the region. 

Corvus brachsrrhynchos brachyrhynchos. CROW —The crow 
was more or less common throughout the region. 

Nests were found near Macdiarmid but none was seen elsewhere. 
Young were not seen with the parent birds until the second week of 
July of both years. 

In late July the crows congregated near Macdiarmid and made 
frequent flights across the bay where they fed on the offal thrown from 
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the fishing vessels. They also patrolled the boulder-strewn shores near 
Macdiarmid acting as scavengers for the village. 

9 June 12, 1923. Macdiarmid. 9 July 18, 1924. Macdiarmid. 

Juv. 9 July 18, 1924. Macdiarmid. & July 18, 1924. Macdiarmid. 

Juv. ? July 18, 1924. Macdiarmid. 

Molothrus ater ater. COWBIRD. — The male cowbird collected 
was the only individual seen during the two summers. The species has 
probably never been established in this heavily wooded region. 

& June 11, 1923. Macdiarmid. 

Xanthocephalus xanthocephalus. YELLOW - HEADED 
BLACKBIRD.— A single specimen of this species was collected and no 
others w^ere seen. The individual secured was in breeding condition 
but it was probably an unmated bird which had wandered slightly out 
of its normal summer range. 

cf June 20, 1923. Macdiarmid. 

Agelalus phoeniceus fortis. THICK-BILLED RED-WING.— 
The three specimens collected were examined by Mr. Taverner who 
remarks that they '‘seem ultra typical of the mid-wCvStern form fortis 
of the A.O.U. (Check List) or arctolegus of Oberholser’*. 

The species is an uncommon summer resident of the Lake Nipigon 
region as a whole. The only specimens seen by us which were un- 
questionably summer residents of the area were a pair at Humboldt bay 
and a male on the northwest shore of Ombabika bay. Mr. W. J. K. 
Harkness of the Fisheries Research Laboratory observed the species at 
the mouth of the Gull river where it appeared to be established in some 
numbers. 

The pair noted at Humboldt bay (June 28, 1924) were breeding birds, 
the nest having just been completed when found. This was the only 
pair to occupy a reedy bay covering perhaps one hundred acres. 

A specimen taken at Macdiarmid on June 3, 1924, was not an estab- 
lished bird in that locality but a migrant that had not reached its breed- 
ing grounds. The migratory movements of many species are not usually 
concluded along the latitude of the Transcontinental Railway until about 
the first of June. 

9 June 3,1924. Macdiarmid. cf June 28, 1924. Humboldt bay. 

9 June 28, 1924. Humboldt bay. 

Buphagus carolinus. RUSTY BLACKBIRD. — ^An injured female 
was taken at Macdiarmid in 1924 and a flock on their southern migration 
was seen at Humboldt bay the same year. 
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No resident birds were seen by us and it seems probable that the 
species docs not breed in the immediate vicinity of Lake Nipigon. 

9 June 2, 1924. MacdJarmid. 

Quiscalus quiscula esneus. BRONZED CRACKLE.— This 
species was seen in early June of both years but after all migratory 
movements had ceased it was not again noted. 

Carpodacus purpureus purpureus. PURPLE FINCH.— The 
purple finch occurs fairly commonly throughout the region. 

Young of the year were collected from flocks which began to be 
conspicuous after the second week in July. 

July 2, 1923. Macdiarmid. 9 June 7, 1924. Macdiarmid. 

cT July 11, 1923. Macdiarmid. Im. (f July 12, 1024. Macdiarmid. 

Juv. 9 July 18, 1923. Macdiarmid. 

Astragalinus tristis tristis. GOLDFINCH.— The species was 
found to be only fairly common locally. At Macdiarmid, late in the 
summer, flocks of from six to fifteen individuals were seen during both 
years. 

Pairs were seen in July which behaved as if they were engaged in 
nesting duties, but no other evidence that this species bred in the region 
was secured. 

9 July 11, 1924. Macdiarmid. 

Spinus pinus. PINE SISKIN.“^-Thes5e birds were seen in small 
flocks of five or six by the middle of June and as the season advanced 
the flocks increased in size. These small flocks may or may not have 
been family groups but collecting from one such group suggests that 
such was not the case, since three adults were secured. 

It would be difficult to state at what season this species breeds 
since they seem to flock throughout the summer. A young of the year 
was secured. 

Juv.cf Aug. 1,1923. Macdiarmid. cf June 14, 1924. Macdiarmid. 

2 9 June 14, 1924. Macdiarmid, 

Passer domesticus. HOUSE SPARROW. — Eleven individuals 
were known to be resident at Macdiarmid during July, 1923. During 
the same month in 1924 twenty-six were noted, while the species had also 
spread to the new clearing about the lumber mill, one and one-half 
miles north of Macdiarmid. This latter record is of interest since the 
clearing had been only recently made, the buildings having been erected 
during the winter of 1923-24. 
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House sparrows nested in the ventilator cupola of the ice-house at 
Macdiarmid. The species is likely to increase as other buildings afford 
nesting sites, and food will be present as long as horses are maintained 
for the fishing and lumbering industries. 

9 June 18, 1923. Macdiarmid. cf’ July 10, 1924. Macdiarmid. 

PooBcetes gramineus gramineus. VESPER SPARROW.— The 
vesper sparrow was not seen in 1923 but two individuals were noted 
duringVarly June, 1924. In a clearing made during the winter of 1923-24 
for a lumber mill all debris had been burned leaving approximately 
eighty acres of bare field. A singing male was taken there on June 5th. 
cf June 5, 1924. Macdiarmid. 

Passerculus sandwichensis savanna. SAVANNAH SPARROW. 
— The two specimens taken were submitted to Mr. Taverner who says, 
"These Nipigon birds may tend toward a northern form that has long 
been suspected. On superficial survey, would not be certain that they 
are not savanna'*. The Nipigon birds are accordingly tentatively 
referred to that subspecies. 

Single individuals, or pairs, were noted at three localities on the lake. 

The behaviour of a pair seen at Ombabika bay on June 25, 1924, 
suggested the presence of a nest but none was found. 

cT June 25, 1924. Ombabika bay. cf’ July 2, 1924. Orient Bay station. 

Passerherbulus lecontei. LECONTE’S SPARROW.— Although 
this species was looked for it was not seen by us. Koelz (1923) has 
recorded the capture of a juvenile female taken in a mouse trap at 
Macdiarmid on July 27, 1922. This record was erroneously attributed 
to Harris’ sparrow by Taverner (1927). 

Zonotrichia albicollis. WHITE-THROATED SPARROW.— 
This was the commonest bird in and about all natural and artificial 
clearings. 

A number of nests were found each summer and it seems that the 
species is one of the few birds of the Canadian zone which rears more 
than one brood in a season. 

About fifty per cent, of singing white-throated sparrows were heard 
to prelude their usual song with three short "take-up" notes all on the 
same pitch and given in rapid succession. 

9 June 14, 1923. Macdiarmid. cf July 10, 1924. Shakespeare island. 

cT June 14, 1923. Macdiarmid. Juv. ? July 16, 1924. McIntyre bay. 

cf July 3,1924. Macdiarmid. Juv.? July 24, 1924. Macdiarmid. 

9 July 8, 1924. Shakespeare island. 9 July 26, 1024. Orient Bay station. 
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Spisella passerina passerina. CHIPPING SPARROW— This 
was a fairly common bird about inhabited clearings. It was seen on one 
occasion in a situation far from settlement. 

Adults with partly fledged young were frequently seen about our 
camp at Macdiarmid after the middle of July. 

cf June 25, 1923. Macdiarmid. Juv. ? July 17, 1923. Macdiarmid. 

cT July 4, 1924. Macdiarmid. Juv. 9 July 25, 1924. Macdiarmid. 

cf* July 12, 1924. Macdiarmid. Juv. ? July 28, 1924. Macdiarmid. 


Junco hyemalis hyemalis. SLATE-COLORED JUNCO.— Speci- 
mens were submitted to Mr. Taverner who remarks that they tend 
“toward the black-headed hyemalis Swarth (1922) found on the Stikine 
River, B.C. — but are not as decided'*. 

J uncos were not common but were generally distributed being found 
in the drier clearings and on exposed, rocky hilltops. 

A nest with four partly incubated eggs was found on June 26, 1924, 
at Ombabika bay. 


cf July 7, 1023. Macdiarmid. cT June 9, 1924. Macdiarmid. 

Juv.? July 11, 1923. Macdiarmid. 2 9 June 20, 1924. Ombabika bay. 

July 11, 1923. Macdiarmid. o’ June 27, 1924. Ombabika bay. 

Melospiza melodia Juddi. DAKOTA SONG SPARROW.— On 
comparing a series of thirteen adults from Lake Nipigon with a series 
from southern Ontario, the former are at once distinguishable by the 
lack of reddish colour and in having the black markings, especially on 
the feathers of the back, broader and more intense. The dark markings 
on the breast are somewhat sharper in outline. Insufficient summer 
material is at hand for a satisfactory comparison with birds from the 
prairie provinces but specimens in the collection of Mr. J. H. Fleming 
from southern Saskatchewan are slightly greyer and exhibit somewhat 
less black than Nipigon birds. On the other hand specimens from 
northern Saskatchewan appear to be the same as Nipigon specimens. 
After a comparison with material from northeastern North Dakota 
recently added to the Museum's collection, I am convinced that the 
Nipigon birds should be referred to ju4di. Mr. Taverner who examined 
the series states, “These Nipigon birds unmistakably run in with our 
prairie specimens that I have called jtiddi'\ 

Song sparrows were common in all suitable situations. 

Both nests and eggs as well as juveniles were collected. 


9 July 9, 1923. Macdiarmid. 

9 June 0, 1924. Macdiarmid. 
cT June 6, 1924. Macdiarmid. 

9 June 7, 1924. Macdiarmid. 

Sef* June 7, 1924. Macdiarmid. 

9 June 22, 1924. Ombabika bay. 
9 June 23, 1924. Ombabika bay. 


cT June 29, 1924. Humboldt bay. 

(f July 7, 1924. Macdiarmid. 

9 July 18, 1924. Macdiarmid. 

Juv. 9 July 19, 1924. Macdiarmid. 

9 July 24, 1924. Macdiarmid. 

Juv. 9 July 30, 1924. Orient Bay station. 
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Melospisa lincolni lincolni. LINCOLN’S SPARROW.— This 
species was present in many of the clearings, two or three pairs some- 
times being found in a partial clearing of not more than two or three 
acres in extent. 

We were not fortunate enough to locate a nest although an adult 
was seen carrying nesting material. Young just out of the nest, were seen 
on several occasions, and one was secured. 

Males were heard singing occasionally during midday but their 
usual habit was to sing for a few moments from some low perch just 
after daybreak and again just before dark. The song suggests the 
bubbling theme of the house wren but has the unquestionable quality 
of a finch or sparrow. 

cf June 14, 1923. Macdiarmid. Juv\ ? July 4, 1024, Macdiarmid. 

c?* July 6, 1923. Macdiarmid. 2 9 July 4, 1924. Macdiarmid. 

d* July 9, 1923. Macdiarmid. 

Melospisa georgiana. SWAMP SPARROW. — This was a common 
species in suitable situations. 

Young just out of the nest were seen on several occasions. 

cf June 27, 19^3. Orient Bay station. Juv. 9 July 31, 1923. Orient Bay station. 

cT June 21, 1924. Ombabika bay. o' July 23, 1924. Macdiarmid. 

Hedymeles ludovicianus. ROSK-BREASTED GROSBEAK.— 
A male taken at Macdiarmid was the only record of the occurrence of the 
species in the region. 

cf June 10, 1924. Macdiarmid. 

Iridoprocne bicolor. TREE SWALLOW. — ^This swallow was 
fairly well distributed throughout the region but was not particularly 
common in any locality. 

Two nests were found at Macdiarmid, both located in abandoned 
woodpecker holes in dead trees near the water. 

cf June 14, 19*^3. Macdiarmid. 

Bombycilla cedrorum. CEDAR WAXWING.— Flocks of from 
ten to twenty individuals were regularly seen until the last of June when 
they separated into pairs. 

Although no nests were found, young birds were observed in late July 
and early August. 

cf June 18, 1923. Macdiarmid. cf* Aug. 8, 1924. Humboldt bay. 

cf* July 31, 1924. Macdiarmid. 
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Vireogylva olivacea. RED-EYED VIREO.— This species was 
common throughout the poplar growths of the region. 

A nest containing two newly hatched young and two eggs was found 
on July 18, 1923. 

d' June 13, 192.3. Macdiarmid. o' July 18, 1924. Macdiarmid. 

9 June 22, 1924. Ombabika bay. 

Vireosylva philadelphica. PHILADELPHIA VIREO.~To judge 
from the number of occasions on which it was positively identified this 
species appeared to be almost as common as tlie red-eyed vireo. 

A pair was observed carrying nesting material on June 19, 1923. 

The song was distinguishable from that of olivacea^ being about a 
musical fifth higher in pitch with a slightly longer pause between phrases. 

9 June 10, 1923. Orient Bay station. cf* June 21, 1924. Ombabika bay. 

cf June 0, 1924. Macdiarmid. 

Lanivireo solitarius solitarius. BLUE-HEADED VIREO.— 
This species was not infrequently met with in the mixed forest. 

c? June 27, 1923. Bear Creek. cT June 9, 1924. Macdiarmid. 

Mnlotilta varia. BLACK AND WHITE WARBLER. -This 
warbler was common in many localities visited. 

2 cT June 11, 1923. Macdiarmid. cT June 9, 1024. Macdiarmid. 

9 June 4, 1924. Macdiarmid. 

Vermivora ruflcapilla ruflcapilla. NASHVILLE WARBLER.— 
This was another common species, well distributed thr>ughout the region. 

It doubtless breeds throughout the area. Young being fed by the 
parents were observed on several occasions late in July at Macdiarmid. 

cT June 9,1921, Macdiarmid. 2 Juv. 9 July IS, 1924. Macdiarmid. 

9 June 24, 1921. Ombabika bay. 2 o' July IS, 1924. Macdiarmid. 

Vermivora celata celata. ORANGE-CROWNED WARBLER.— 
A few pairs were noted at Ombabika bay but the* species was not 
observed elsewhere. 

Its song is a musical trill not unlike that of the junco but sufficiently 
different to attract one’s attention to the bird. 

cT June 24, 1924. Ombabika bay. 

Vermivora peregrina. TENNESSEE WARBLER.— This was a 
common species throughout the region, found foraging through all types 
of forest growths. 
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A nest containing four incubated eggs was collected on July 21, 1924. 
It was composed of dry grasses and situated in the side of a clump of 
sphagnum moss slightly elevated above the surrounding bog. This 
nest which was taken !)y Mr. Baillie appears to be the first collected in 
Ontario. 

The song of this species is an accelerated ctU-sic, cut-sic, cnt-sic, 
cuvnichCf witdia, witcha, witcha, see-sce-see-see-see, A male collected 
on July 16, 1923, has a fairly evident crown patch of chestnut-brown, 
like that of ruficapilla. Such a marking is unusual but has been 
previously reported by Lloyd (1917). 

July 16, 1923. Macdiarmid. 9 July 19, 1924. Macdiarmid. 

c?* July 17, 1923. Macdiarmid. 9 July 21, 1924. Fairloch. 

cf* June 6, 1924. Macdiarmid. 

Dendroica tigrina. CAPE MAY WARBLER. — A single singing 
male taken on Shakespeare island is the only record of the species in the 
region. 

cf July 8, 1924. Shakespeare island. 

Dendroica SBStiva astiva. YELLOW WARBLER.— This warbler 
was not common at Lake Nipigon, only a few birds having been seen at 
scattered localities. 

The species breeds in the alder- and willow-covered flats of both the 
mainland and the islands. Young birds were seen being fed by the 
parents. 

9 July 31, 1923. Orient Bay station. 9 July 14, 1924. Gros Cap. 

cf June 20, 1924, Ombabika bay. 

Dendroica coronata. MYRTLE WARBLER.— This warbler was 
not common in the region as a whole but in one or two localities it was 
seen in some humbers. 

The species breeds in the region, partially fledged young having been 
secured. 

cf June 21, 1923. Naonan island. 9 Aug. 5, 1924. Shakespeare island. 

cT July 16, 1924. McIntyre bay. Juv. ? Aug. 8, 1924. Huml^ldt bay. 

cT Aug. 1, 1924. Macdiarmid. Juv. ? Aug. 9, 1924. Humboldt bay. 

Dendroica magnolia. MAGNOLIA WARBLER.— This was the 
most abundant and generally distributed warbler and at times appeared 
to be the most common bird of the region. 

The species breeds throughout the area, families of noisy young being 
frequently met with during late July. 

9 June 14, 1923. Macdiarmid. Juv. ? July 24, 1924. Macdiarmid. 
d* June 9, 1924. Macdiarmid. d* July 24, 1924. Macdiarmid. 
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Dendroica pensylvanica. CHESTNUT-SIDED WARBLER.— 
This warbler was common in three locations along the southern end of 
Lake Nipigon but was not recorded from any of the stations at the 
northern end of the lake. This observation appears to indicate that 
this characteristic species of the Transition zone reaches its northern 
limits at Lake Nipigon. 

cT June 11, 1923. Maaiiarmid. o' July 23, 1924. Macdiarmid. 

C? July 2, 1924. Orient Hay station. 

Dendroica castanea. BAY-BREASTED WARBLER.— This was 
a fairly common species of the region. 

The song of the bay-breasted warbler is very similar to the notes 
of the golden-crowned kinglet but is composed of five whispered notes 
instead of three. 

cT June 5,1923. Macdiarmid. o' July 8, 1924. Shakesjjeare island. 

cf June 27, 1923. Hear creek. 9 July 16, 1924. McIntyre bay. 

9 July 4,1923. Macdiarmid. 9 Aug. 8,1924. Humboldt bay. 

Dendroica fusca. BLACKBURNIAN WARBLER.— This warbler 
was not very common at Lake Nipigon. 

A family of young was observed at Macdiarmid in 1923 and partly 
fledged young were secured in 1924. 

cf June 28, 1923. Macdiarmid. 9 July 24, 1924. Macdiarmid. 

cf July 23, 1924. Macdiarmid. Juv. ? Aug. 9, 1924. Humboldt bay. 

Juv. 9 July 24, 1924. Macdiarmid. 

Dendroica virens, BLACK-THROATED GREEN WARBLER.— 
This was a common species of the mixed forest. 

Young were observed being fed by the adult. 

cf* July 2, 1923. Macdiarmid. Juv.? July 25, 1924. Macdiarmid. 

cf July 8, 1924. Shakespeare island. Juv. Aug. 3,1924. Macdiarmid. 

Seiurus aurocapillus. OVEN-BIRD, — This species was fairly 
common in the mixed forest. 

A partly fledged young, just out of the nest, was secured at McIn- 
tyre bay in 1924. 

c? June 11, 1923. Macdiarmid. July 25, 1924. Macdiarmid. 

cf July 12,1924. Macdiarmid. Juv. 9 July 26, 1924. Orient Bay station. 

Juv. ? July 10, 1924. McIntyre bay. cf July 26, 1924. Orient Bay station. 

9 July 21, 1924. Fairloch. 

Seiurus noveboracensia notabilis. GRINNELL’S WATER- 
THRUSH. — The single specimen secured agrees well with the colour 
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distinctions of notabilis; in fact it is more typical of that form than 
birds from farther west with which it was compared. 

Water-Thrushes were rather uncommon being heard at only a few 
places on the lake, and they were seldom seen. 

& June 25, 1924. Ombabika bay. 

Oporornis agilis. CONNECTICUT WARBLER.—This species 
was seen only at Ombabika bay where two singing males were noted in 
a black spruce growth. 

The song was a loud ca, chicka-chicka, chicka^chicka, chicka-chickat 
reminding one of the song of the Maryland yellow-throat. 

cf June 27, 1924. Weatherbe. 

Oporornis Philadelphia. MOURNING WARBLER.— This was 
a common species of the clearings. The number of these birds was 
particularly striking, a feature also noticed by Dr. Koelz during his stay 
on the lake in 1922. 

A nest with a partial set of eggs was found at Macdiarmid on June 29, 

1923, but it was destroyed before the set was completed. A young bird 
just out of the nest was collected. 

Breeding males show a great variation in the amount of black on 
the upper breast and throat. It appears, from specimens secured, that 
as the season advances and the feathers become worn the black extends 
from the upper breast to the base of the bill. A male collected on July 11, 

1924, which showed by dissection that it was in breeding condition had 
a few black and yellowish feathers on the throat while the breast was 
similar to that of a female. 

June 12, 1923. Macdiarmid. 
cf* July 11, 1924. Macdiarmid. 
cT July 12, 1924. Macdiarmid. 

9 July 16, 1924. McIntyre bay 
9 July 23, 1924. Macdiarmid. 

Wilsonia pusilla pusilla. WILSON’S WARBLER.— At the time 
of our arrival at Macdiarmid on June 2, 1924, migratory movements 
had not yet ceased. Wilson’s warbler was one si>ecies which was taken 
at Macdiarmid during the first week of June and then disappeared from 
the southern end of the lake. The species was rare in the region as a 
whole, but a few were noted on the northwest shore of Ombabika bay 
late in June. 

No positive evidence as to whether the species breeds in the locality 
was secured. 


2 r/ July 23, 1921. Macdiarmid. 

Juv. 9 July 24, 1924. Macdiarmid. 

July 28, 1924. Macdiarmid. 

9 Aug. 2, 1924. Macdiarmid. 


2 9 June 7, 1924. Macdiarmid. 


June 22, 1924. Ombabika bay. 



The Summer Birds of Lake Nipigon 


275 


Wilflonia canadensis. CANADA WARBLER.— This common 
warbler was noted in heavily wooded situations and also in partially 
overgrown clearings. 

A partially feathered young was taken. 

cT June 14, 1923. Macdiarmid. Juv.d^ July 25, 1924. Macdiarmid. 

cT June 10, 1924. Macdiarmid. 

Setophaga rutlcilla. REDSTART. — This species was common 
at all points visited. 

Both nests and young were observed. 

The song of the redstart was variable. One individual which sang 
from the same general location at the edge of the clearing at Macdiarmid 
repeated incessantly an ascending, hissing trill. 

9 June 5,1924. Macdiarmid. Juv.(f* July 31, 1924. Macdiarmid. 

cT June 18, 1923. Macdiarmid. 9 July 31, 1924. Macdiarmid. 

cf’ July 23, 1924. Macdiarmid. 

Troglodytes »don parkmani. WESTERN HOUSE WREN.- - 
The skin of a male specimen has been compared with eastern and western 
birds and it is strikingly greyer than ihose from the east. Mr. Taverner 
confirms the opinion that it is well marked parkmani. But one pair 
of house wrens was noted during the two summers. 

This pair was nesting about the debris from an old railway construc- 
tion camp of the railway, east of Weatherbe. 

cf June 27, 1924. We.itherbe. 

Nannus hiemalls hiemalis. WINTER WREN.— This species 
was well distributed throughout the region being found for the most 
part in the darker ravines and in dense cedar growths with fallen trees. 

cf June 28, 1923. Macdiarmid d' July 22, 1921. Macdiarmid. 

Certhia familiaris americana. BROWN CREEPER. -This was 
not a common species but it was seen at three localities in the southern 
part of the area. 

A partly fledged young was collected with the parent female at 
Shakespeare island. 

Juv. ? July 14, 1923. Macdiarmid. 9 July 8, 1921. Shakespeare island. 

Juv. ? July 8, 1924. Shakespeare island. ? Aug. 4, 1924. Shakespeare island. 

Sitta canadensis, RED-BREASTED Nl THATCH.— This species 
was not infrequently observed in stands of mixed forest where occasional 
dead tree trunks were standing. 
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The species breeds in the region, adults having been seen on several 
occasions carrying food into old woodpecker holes high up in dead trees. 

9 July 2, 1923. Macdiarmid. cT July 10, 1924. Shakespeare island. 

Penthestas atricapillus septentrionalis. LONG-TAILED 
CHICKADEE. Adults secured were long-tailed birds lacking ochra- 
ceous colour on their backs. Mr. Taverner who examined the specimens 
agrees that they are referable to the subspecies septentrionalis. 

Chickadees were fairly common in the region. 

A nest was found on June 7, 1924 in an abandoned woodpecker hole 
near the top of an eight foot stump standing in shallow water. Family 
groups were frequently seen by the second week in July. 

cT June 11, 1923. Macdiarmid. Juv. 9 July 11, 1924. Macdiarmid. 

July 19, 1923. Macdiarmid. Juv.cT July 11, 1924. Macdiarmid. 

Juv. ? July 11, 1924. Macdiarmid. 

Penthestes hudsonicus hudsonicus. HUDSONIAN CHICKA- 
DEE. — This chickadee was an uncommon species having been observed 
at but two widely separated localities. 

Young were collected from families foraging through a dense, wet 
woods near Macdiarmid. 

The notes of this species are similar to those of the other chickadee 
of the region but are hoarser and have a buzzy quality. 

Juv.? July 9, 1923. Macdiarmid. Juv. cT July 22, 1923. Macdiarmid. 

9 July 0, 1923. Macdiarmid. 

Begulus satrapa satrapa. GOLDEN-CROWNED KINGLET.— 
This was a common bird of the mixed woods where conifers predominated. 

A partially fledged young was secured. 

9 July 14, 1923. Macdiarmid. cf July 23, 1924. Macdiarmid. 

cf June 27, 1924. Weatherbc. Juv.c? July 28, 1924. Macdiarmid. 

cf July 10, 1924. Shakespeare island. 

Begulus calendula calendula. RUBY-CROWNED KINGLET. 
— This was an uncommon species. It was not seen during 1923 and at 
only one locality in 1924. 

cT June 25, 1924. Ombabika bay. 

Hylocichla ustulata swainsoni. OLIVE-BACKED THRUSH. 
— ^A specimen collected on June 24, 1924 at Ombabika bay is distinctly 
gray above, a similar bird to those mentioned by Travener (1919) in 
“The Birds of Shoal Lake, Manitoba**. All the other specimens are 
normal swainsoni. 
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This thrush was common throughout the region but was principally 
found in the mixed woods, although during the season when raspberries 
were ripe it frequented the clearings to feed on this fruit. 

On June 23, 1924, a nest containing four fresh eggs was found at 
Ombabika bay. It was situated eighteen inches from the ground in a 
young spruce. The eggs were left untouched for two or three days to 
make certain that the clutch was complete but in the meantime the bird 
deserted the nest and one egg disappeared. Similar experiences have 
been recorded by other observers and few appear to be satisfactorily 
explained. 

cT June 11, 1923. Macdiarmid. Juv. ? July IG, 1924. McIntyre bay. 

June 22, 1924. Ombabika bay. 9 July 10, 192 1. McIntyre bay. 

9 June 24, 1924. Ombabika bay. July 18, 1924. Macdiarmid. 

Hylocichla guttata pallasi, HERMIT THRUSH.— This thrush 
was not nearly so common as the preceding and was seen in only three 
localities. It was found in drier situations. 

cT July 7,1923. Macdiarmid. cf June 26, 1924. Ombabika bay. 

9 June 24, 1924. Ombabika bay. & July 10, 1924. McIntyre bay. 

Planesticus migratorius migratorius. ROBIN.~~The robin 
was not common but was generally distributed, a pair having been 
found in almost all of the settled clearings visited, while individuals were 
noted also in situations far removed from settlement. 

A pair nested in the clearing at Macdiarmid, and a set of eggs was 
taken near the Transcontinental Railway north of Ombabika bay on 
June 27, 1924. In this instance the nest was situated on the top of a 
stump about eighteen inches from the ground in a partial clearing many 
miles from a settlement. 

d* June 23, 1923. Macdiarmid. 
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THE AMPHIBIANS AND REPTILES OF THE LAKE NIPIGON 

REGION 

By E. B. S. Logier 

In the summers of 1921, 1922 and 1924, the writer visited Lake 
Nipigon in the capacity of artist to the I'isheries Rcsean'h Laboratory, 
Department of Biology, University of Toronto, and it was in those 
summers, chiefly, that the material and data used in the present paper 
were collected. Gonsiderable material was also collected by other 
members of the I'isheries Research Laboratory and of the Royal Ontario 
Museum of Zoology, especially in the years when the writer was not at 
Lake Nipigon. 

The list presented in the following pages is [)robably incomplete but 
this represents the first serious attempt to make a herpetological survey 
of the region. The only previous list of amphibians and reptiles of thif 
region known to the writer is that of Wilson (1910) who included some 
faunistic lists in his report on the Geology of the Nipigon Basin. His 
account is as follows: 

“Reptiles: Specimens of the Mud Puppy, Necturus macuUitus, and 
at least two species of salamander, were seen. Several species of 
toads and frogs occur, but the common frog of more southern parts of 
Ontario is rare. 

“Garter snakes are occasionally seen, and seem to be the only kind 
of snake found in the district. According to the Indians, a species of 
tortoise, probably Chremy sp., occur on a small lake, the first west of 
Black Sturgeon Lake on the Circle Lake System/' 

Of the forms recorded in the above list, Necturus maculosus was 
not seen by any of the University of Toronto party during the six 
summers spent in careful and detailed study of Lake Nipigon and its 
fishes, so if correctly identified by Wilson, it is evidently of rare occur- 
rence. Mr. Duncan Bell reports seeing it once at McIntyre bay. 

Amphibians arc fairly well represented at Lake Nipigon, nine species 
having been found,~three urodeles and six anurans, and most of them 
were fairly common. Of the reptiles only two species were found, — 
Bell’s turtle and the common garter snake, neither of which was plentiful. 

Comparison of the amphibian fauna of the main shores of Lake 
Nipigon with that of the islands is interesting, since the latter have 
evidently been isolated since the retreat of the last glacier, precluding 
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the possibility of voluntary migration of adults or larvae as this would 
necessitate, in some cases at least, a swim of several miles in the open 
lake. All of the species of amphibians found on the islands, viz., Jeffer- 
son's salamander, American toad, wood frog, green frog, and leopard 
frog are species which lay their eggs in strings or masses of jelly either 
floating free or attached to, or tangled about trash in the water. Eggs 
laid in this manner might easily be transported by floating, especially 
if they were attached to any buoyant objects. It is also possible that 
adult salamanders hibernating in old logs about the margins of streams 
might be carried out with the high water in the spring, and logs con- 
taining them might occasionally reach an island. 

The eggs of the newt and the peeper are laid singly, those of the 
latter species free on the bottom, those of the former folded in the leaves 
of aquatic plants which arc anchored and pliable, and unlikely to become 
uprooted by current or wave action in the quiet situations which the 
species selects. These two species seemed to be absent from any of the 
islands investigated. It is interesting to note in this connection that 
newts and peepers were not found about the shore waters of Lake 
Nipigon, even in the most sheltered bays, but resorted to small bodies 
of impounded water. 

The association of amphibian larvae with each other and with fish 
is to a certain extent restricted by the nature of habitat required by 
the different species. Amhystoma larvae were not found in company 
with fish, which is also true of Triturus, Amby stoma and Triturus were 
found together and in company with tadpoles of Hyla crucifer and Rana 
clamitans, Amhystoma larvae were also found in water with Bufo 
americanus and Rana catabrigensis tadpoles. Tadpoles of B, americanus, 
H. crucifer, R, cantabrigensis, and R, clamitans were found together in 
the same water. 

Except in one case, the tadpoles of H. crucifer were not found in 
company with fish, and in this case the fish in question were young brook 
sticklebacks and small minnows of one or more species. 

Localities 

Owing to the fact that many of the small lakes and streams in the 
region of Lake Nipigon have no official names, it is necessary to coin 
names by which to refer to them. A number of these waters are re- 
ferred to and discussed in Dymond's paper, “The Fishes of Lake 
Nipigon”, (1926), and the names which he used there will be employed 
in the present paper, a few more being added. 

The following is a list of some of the habitats with brief descriptions 
of physical characters. Of these. Centre lake, Crescent lake, First 
Station lake. Orient bay and Pustagone river have been described by 
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Dymond and some of his data will be included in the following descrip- 
tions. 

Centre and Crescent lakes lie in the same valley and are separated 
from each other by a low, marshy area. Crescent lake, the source of 
Cedar creek, is crescent-shaped, and about 200 yards long by 75 yards 
wide. The water of these lakes is dark brown, the botu^ms arc of muck, 
and the shores, except on the western side, are largely of sphagnum 
bog. Centre lake is the deeper of the two. The water in Crescent lake 
is apparently not deeper than three feet. 

Muskeg lake lies at the foot of the eastern slope of the hill at Kairloch 
upon which stands the fire rangers* lookout tower, about three miles 
north of Macdiarmid. Its greatest length is prol)ably not much more 
than 100 yards. The shores are of quaking bog, the bottom of muck, 
and the water is turbid-brown. At the north end there is a sphagnum 
bog forested with black spruce. 

Neivi lake is a small lake of irregular shape, with several bays, and 
not much over a half mile in greatest length. It is situated on a 
plateau among the hills on the west side of Orient bay, just across from 
Macdiarmid, and about 250 or 300 feet above Lake Nipigon. It is 
forested to the water’s edge around most of its shores. The bottom 
is chiefly of mud, but rather firm and stony along much of its southern 
edge. The west end is shallow and marshy, sustaining a good 
growth of sphagnum and sedges. A bay at the eastern end narrows 
to an outlet, and the bottom here is strewn with decaying leaves of 
alder and poplar. The water is clear. 

Orient Bay lake is a small lake about 100 yards in width, near the 
south end of Orient bay. It lies at the foot of a cliff which forms its 
eastern shore. The cliff has a rock talus at its base running down to 
the water. The other shores are low and fringed with speckled alder, 
and the bottom, at least at the southeastern part, is sandy for a few 
yards out and then becomes oozy. 

First Station lake, situated about a mile northeast of Macdiarmid, 
lies in a deep valley between two ridges. It is about a half mile long 
and 150 yards wide, with a sphagnum bog at each end. The sides are 
rather steeply sloping and forested to the water’s edge, except for a 
short distance where a rock talus forms the shore. The bottom is 
mostly of soft ooze, though firm and sandy at parts of the shore. The 
water reaches a depth of six feet and is somewhat brownish. The lake 
drains by a small stream which enters Orient bay at Macdiarmid. 
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Second Station lake lies in the next valley east of First Station lake. 
It is smaller than the latter. Its shores are margined by a narrow bog 
which is closely surrounded by the forest, and the bottom is of soft ooze. 

Toad Pond and Pustagone ponds. In the partly dry bed of a side 
channel near the mouth of the Pustagone river, was a large, shallow pond 
with mud bottom sloping gently down to a depth of about twenty 
inches. In some of the shallow places there was a good growth of short, 
submerged grass, while other aquatic plants such as Potamogeton, 
Utricularia and yellow pond lilies grew in the deeper parts. It was 
unshaded and the water became warm on sunny days. Near this 
“Toad pond” as it shall be called, were some smaller ponds in the same 
channel bed and in a smaller channel entering it. 

C.N.R. pools. Along the sides of the Canadian National road-bed, 
from a short distance north of Macdiarmid to near the Pustagone river 
valley, were a number of shallow pools which in rainy weather would 
drain through each other forming a small stream, but would dry 
down and separate in dry weather, some of them finally losing all of 
their water, others retaining some. In some parts of thCvSe pools sedges 
and rushes were growing, in other places the bottom was of bare mud 
without vegetation of any kind. In some places the water would reach 
a depth of a foot or more and seemed to be permanent. 

Orient bay (Pijitawabic bay), at the southeast corner of Lake Nipigon 
is about ten miles in length, and narrows gradually southward to a point. 
At the southern end which is well removed from the influence of the 
lake and sheltered on both sides by high hills, the water is shallow and 
quiet and there is much aquatic vegetation. Here are some ponds cut 
off from the bay by the railroad embankment. 

The Pustagone river enters Orient bay about a mile south of Mac- 
diarmid. Much of the bed is stony and the water is, in most places, 
rather shallow and rapid. Near the mouth the stream forks, but 
reunites a few hundred feet from the lake, and here the valley is a wide, 
grassy flat, devoid of trees. 


Measurements 

Measurements of the total length of frogs are taken from the tip 
of the snout to the anus, and those of the hind legs from their insertion 
in the pelvis to the ankle joint, not to the heel. It was found that 
measurements taken to the heel varied somewhat depending on whether 
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the foot was bent at an angle or drawn out straight. All proportionate 
measurements are given in percentages of the total length. All measure- 
ments were made from preserved specimens. 

In the case of the amphibians, discussion of structure and colour 
are not entered into except where interesting variations from normal 
occur. 


Acknowledgements 


My thanks are due to Dr. A. H. Wright of Cornell Univ’^ersity for 
his kindness in examining and reporting on specimens sent to him, and 
furnishing many interesting comments on variation in the different 
species in question; also to Dr. A. (^. Ruthven, Museum of Zoology, 
I' Diversity of Michigan, who examined the garter snakes. 

Amphibians 

Triturus v. viridescens (Raf.). GREEN NEWT- This species 
was found to be common in some of the small lakes southeast of Lake 
Nipigon, but it was not found in any of the bays or marshes of Lake 
Nipigon itself. It was found in greatest numbers in Newt lake which 
was visited in July, 1922, 1923 and 1924, and on each occasion this 
lake contained very large numbers of newts. The species was seen in 
fair numbers in Orient Bay lake in June 1924, and one specimen was 
taken at Second Station lake in July of the same year. It appeared 
to be totally absent from any of the islands investigatcxl. 

The life history in this latitude is deserving of some careful study 
and would be interesting to compare with that in more southern localities. 

On June 12, 1924, a few males were noted clasping females in Orient 
Bay lake. On the occasion of the visits to Newt lake in July of three 
consecutive years no eggs or larvae were found. Egg-laying evidently 
lasts far into the summer as most of the females examined from the 
July collections contained ripe ova in varying numbers. The apparent 
absence of even the smallest larvae in the water at this time ot the 
year would also suggest a late beginning of egg-laying. These facts, 
when compaied with the observations of Gage (1891; and Pope (1924) 
and considered together with the shortness of the northern summer, 
would suggest the probability, especially in the case of eggs laid as 
late as the end of July, of a protracted larval life with metamorphosis 
delayed till early in the following summer. In that case one would 
not expect to find many larvae in the water in July. 

The smallest specimens collected were three males of 61.3, 63.0 and 
65.7 mm. in length, and two females of 66.5 and 67..6 mm. in length. 
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These five specimens which were taken in the water, and showed no 
more than a trace of the ventral black spotting of the adult, are re- 
markably small for the terrestrial form returning to the water. Pope 
(1924) after measuring 800 aquatic newts from twenty-seven different 
collections in various parts of the northeastern United States, found the 
minimum to be 71 mm. Measurements of 284 specimens of the land 
form by the same author show the average to be 62.62 mm., with a 
maximum of 100 mm. 

A total of 140 specimens was taken at Lake Nipigon, of which 85, 
or 60.7 per cent, were males. Most of these showed only a moderate 
or poor development of the tail fin and of the horny ridges on the hind 
legs. The [cloacal villi were mostly well developed, as were also the 
facial pits. The testes showed great variation both in size and shape, 
and were relatively larger in animals of less than 87.0 and over 106 mm. 

Most of the specimens taken were of normal colouration, but a few 
were unusually dark. 

Ambystoma . — Two species of this genus. A, jeffersoniatium and 
A. maculatum were found. 

Larvae were found in four localities differing considerably in their 
physiographic conditions, as follows: In the C.N.R. pools south of the 
tunnel near Macdiarmid; in some small permanent ponds close to the 
Toad pond near the mouth of the Pustagone river; in Newt lake and in 
Muskeg lake. 

Salamanders were very generally absent from the islands of the 
lake, the single specimen of A, jeffersonianum referred to below being 
the only island record. 

The spawn of Ambystoma, was not found, nor the spawning dates 
of either species noted. Records of stages of larval development at 
different dates and localities are as follows: On June 28, 1921 larvae 
ranging from 25 to 35 mm. in length were taken in the C.N.R. pools 
south of the tunnel near Macdiarmid; on July 24, 1921 full grown larvae 
with gills absorbed to stubs were taken in Muskeg lake; on July 13, 1924 
two specimens of less than 24 mm., and with large gills were taken in a 
pond near the mouth of the Pustagone river; on July 21, 1924 larvae 
varying from 35 to 49 mm., all with large gills were taken in Muskeg lake. 

Ambystoma Jeffersonianum (Green). JEFFERSON’S SALA- 
MANDER. — This species was the commoner of the tw'o, though not 
abundant. Ten adults were taken, eight at the southern extremity of 
Orient bay, one on top of a hill at Fairloch (at the fire rangers’ lookout 
tower) and one on Shakespeare island. 

The specimens from Orient bay were found under drift on the beach 
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and around the shores of some ponds close to the beach, in July 1923 
and June 1924. The Shakespeare island specimen was taken by Mr. 
J. L. Hart in June 1926. The specimen f’-om the hill at Fairloch was 
taken by Mr. Dan Kerr in a small well on Auj?. 7, 1921. The summit 
of this hill is exposed and dry, and sometimes becomes very hot under 
the mid-day sun. The slopes, though forested, are well drained and 
dry, especially on the east side which descends rather steeply with much 
exposed rock. The nearest body of water is Muskeg lake at the foot 
of the east slope where larvae were found. 

All of the adults were young ones ranging in length from 73.5 to 
110.5 mm. Their colour was quite normal for young A, jeffer- 
sonianum, 

Ambystoma maculatum (Shaw). SPOTTED SALAMANDER. 
— Three specimens were taken by Mr. Dan Kerr in the well on top of 
the hill at Fairloch, where the specimen of A. jeffersoniamim referred 
to above, was found. The dates of capture were June 7, 8, and 30, 
1922. The specimens measured respectively 139, 92 and 130 mm. and 
were quite normal in colouration. 

Bufo americanus Holbrook. AMERICAN TOAD.— This species 
was common at Lake Nipigon. It was taken on the main land at Om- 
babika bay. Sturgeon river, Cedar creek, Macdiarmid, Pustagone river, 
Orient bay and McIntyre bay, and on four of the islands, Murchison, 
Shakespeare (Main island), Naonan, and on a small island close to 
St. Paul island. 

It was scattered generally over a variety of country, — in light dry 
woods, about clearings, in river valleys, around sheltered bays and 
was seen once at First Station lake. It was common in the clearing 
about the village of Macdiarmid and on the Canadian National Railway 
right-of-way, breeding in the pools beside the track. It was found in 
considerable numbers near the mouth of the Pustagone river where the 
deep valley is wide and flat and clear of forest. At Ombabika bay it 
was taken in the clearing about the Revillon Fri^res buildings. Those 
taken at Sturgeon river were in the water at the edge of a clearing. 

The toads in their wanderings showed the usual preference for 
moderately dry situations about clearings and in light, second growth 
woods. They were very scarce in the forest, a single specimen being 
taken in a forest of tall pines at McIntyre bay. 

The specimens collected were exceedingly variable, especially in 
certain characters of the head. Five specimens examined by Dr. A. H. 
Wright, and shown by him to Dr. Remington Kellogg, were returned 
with the following comments: ‘‘A very variable lot, showing strong 
variation toward some three or four species or varieties'*. 
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In one of these specimens there were no supratympanic nor post- 
orbital crests and the tympanum was large. In another the temporal 
crests resembled those of B, hemiophrys^ while the tympanum was 
small. In two others the supratympanic crests were absent, the post- 
orbitals were in contact with the paratoids as in 5. fowleri and the 
tympanum was large. Only one specimen was a normal B, atnericanus. 

In general, the colour of the Nipigon toads was typical for northern 
B, americanus, with red as a strong note in a gooil many individuals. 
The males were usually more greenish or yellowish than the females 
and with less contrast in the dark mottling. Red was more frequently 
noted in the colour of the females, though occasional males showed a 
pronounced reddish hue, especially about the head and shoulders. 

Evidence was obtained which indicated that the species bred in the 
quiet parts of rivers, in permanent ponds, in rocky shore pools maintained 
at level by the lake, in spring-fed pools, in temporary pools and in bays 
of the lake. 

In 1924 spawning was observed at the Toad pond at the Pustagone 
river on June 5, and was evidently just commencing, as the strings of 
jelly were apparently fresh, having gathered no silt, and the eggs showed 
no signs of segmentation visible to the naked eye. 

On June 11 numerous tadpoles of six to seven millimetres in length 
were found clinging to grasses close to the remains of the disintegrating 
spawn, much of which had failed to hatch. 

By July 28 transformation was complete and no tadpoles were left 
in the water, but newly transformed toads were numerous on the shores 
of the pond, and in all those seen, except one, the tails were completely 
absorbed. 

The period from the beginning of egg-laying till the beginning of 
metamorphosis in this pond was evidently about forty-six days. A 
development period of approximately the same length was noted in 
another pool observed concurrently. 

Hyla crucifer Wied. SPRING PEEPER.- To judge by the 
evening and night choruses, 11. crucifer was by far the most abundant 
amphibian in the district, although, owing to its small size and shy and 
secretive habits, specimens were not often seen. Records were obtained 
from McIntyre bay, Orient bay, Pustagone river, Macdiarmid, Newt 
lake, Muskeg lake. First Station lake, Second Station lake. Crescent 
lake, and West bay. The species was in general plentiful where small 
bodies of impounded water occurred, but was rarely found about the 
shores of Lake Nipigon itself, which were probably too exposed to be 
attractive. It was apparently absent from the islands of the lake. 
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The specimens collected ranged from 18 to 29.5 mm. in length, and 
were quite typical in colouration. 

The tadpoles were found only in ponds and small lakes, never in 
rivers nor in bays of Lake Nipigon. They were taken in Muskeg lake. 
Newt lake and Second Station lake, and from the Toad pond at the 
Pustagone river. 

The date of the beginning of spawning was not determined. The 
earliest date on which tadpoles were found was June 14, 1924, when 
three very young specimens of less than (i mm. were secured along 
with other species at the Toad pond, Pustagone river. By June 21 
they were plentiful and ranged from 7 to 14.5 mm. By July 30 meta- 
morphosis was well under way and many of the young frogs with large, 
or partly absorbed tails were hopping about the margins of the pond. 
The great range of size seen among the tadpoles on any given date 
would indicate a long spawning period for the species. 

Rana cantabrigensis Baird. NORTHERN WOOD FROG.— 
This frog was found to be very common both in wet woods and in more 
open country where water was available. It was taken on the main 
land at Ombabika bay, Onaman river, Sandy river, Crescent lake. Centre 
lake. First Station lake. Second Station lake, Macdiarmid, Pustagone 
river, Orient bay. Newt lake, McIntyre bay. Black Sturgeon bay. Gull 
bay, and West bay. It was taken also on Murchison and Shakespeare 
islands, and was plentiful at Shakespeare Island lake. Next to Hyla 
critcifcr, it was the most abundant amphibian. 

In general the coloration of the specimens collected was very similar 
to that of R, sylvatica, except that a few showed the white line down 
the middle of the back and along the upper surfaces of the hind limbs. 
In some this line was only faintly evident. 

The largest specimen measured 51 mm., and the average for thirty- 
two adults was 42.17 mm. The hind limbs showed great variation in 
length. Measurements of thirty-two adults give an average of 87.72 per 
cent, of the total length of head and body, with a maximum of 97.4 
and a minimum of 77.40 per cent., a variation of almost 20 per cent, of 
the total length of the animal. 

The eggs of this frog were not found, nor the date of egg laying 
determined. It is evidently the earliest spawner, as tadpoles half an 
inch in length were found on June 5, 1924 in a small [xind near the Toad 
pond. By Aug. 2, transformation was in progress, but most of the 
young frogs still possessed their full tadpole tails and had not yet left 
the water. 

In one of the C.N.R. pools at Macdiarmid, transformation was still 
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further advanced on this date, and a number of the young frogs were 
about on the shore with their tails fully absorbed. 

JR. cantabrigensis was the only amphibian found commonly in the 
coniferous woods. Where the floor of the woods was wet and covered 
with sphagnum, these frogs were often seen about the small water holes 
numerous in such situations. 

Rana clamitans Latreille. GREEN FROG. — This species was 
fairly common, but less so than the wood frog. It was taken at Muskeg 
lake, and at another small lake farther inland at Fairloch, at Centre lake, 
Second Station lake, Macdiarmid, Pustagone river, Orient bay. Newt 
lake and South bay. The island records are from Shakespeare island 
and a small island near Gros Cap. 

In coloration the green frogs of the Lake Nipigon region were sombre 
and dark. The bright green of head and shoulders, so characteristic of 
the species in more southern localities, was not seen in any of the speci- 
mens examined. A dull ground colour of medium to dark olive brown 
on the upper parts, with darker spots or blotches on the back and bands 
on the hind limbs was the usual condition. A few individuals were of a 
dull grayish green. Some of the specimens collected showed a tendency 
towards a still darker and unusual type of colouration, in the extreme 
of which, the upper parts were dark blackish brown with small irregular 
isolated spots of soiled straw-colour. A series of eleven specimens 
tending towards this type of colour and pattern showed a fairly well 
graded sequence of step.s between it and the normal. This reversal of 
the normal colour plan in the adult was associated with a similar con- 
dition in the tadpole, in which the ground colour above was dark brown 
with small isolated spots of metallic green. The largest adult measured 
84 mm. in length. 

The tadpoles were found in streams, ponds and small lakes. They 
were taken in a small creek at Macdiarmid, in a cool stream at South 
bay, in the Toad pond, in Newt lake. Centre lake and Second Station 
lake, and were seen in large numbers in a pond at the south end of 
Orient bay. They were plentiful in Shakespeare Island lake. 

No definite information on breeding activities was obtained. A 
number of vociferous and very active males was seen in the Pustagone 
ponds on June 14. This was the first voice record. A female taken at 
these ponds on June 7, contained a fair number of ripening eggs, and 
another specimen taken here on June 14, was distended with ripe eggs. 
A female taken at Orient bay on June 12, and one taken on Shakespeare 
island on July 8, were full of eggs. 

By July 13, most of the green frogs had dispersed from the Pustagone 



Amphibians and Reptiles of Lake Nipigon Region 289 


ponds and there was a new generation of very young tadpoles just 
recently hatched, which were possibly of this species. 

To judge from the state of development of full grown tadpoles taken 
at various dates throughout the summer, transformation begins early 
in July and continues into August. 

Bana pipiens Schreber. LEOPARD FROG. — This species, which 
is typically a lover of the open, cat-tail marshes, was seen less frequently 
than the green frog, but was not uncommon. It was taken on the main 
land at Ombabika bay, Onaman river, Muskeg lake, Cedar creek, 
Macdiarmid and at the Pustagone river. The island records are from 
Shakespeare and Naonan islands. 

These frogs were found always in low lying, open country, never 
very far from water. 

The colouration of the specimens seen was normal. The largest 
measured 86 mm. 

Neither the eggs nor tadpoles were found, and the only hint at breed- 
ing activities was at the Toad pond on June 14, when two male leopard 
frogs were found embracing female green frogs. Most of the females 
taken were small, and dissection of the few large ones does not throw 
enough light on the subject to be at all conclusive. The ovaries of a 
large female taken on June 14, contained only minute, white eggs. 
Another specimen taken on July 2 showed a similar condition. A speci- 
men taken on July 24, was full of ripe eggs. Two newly transformed 
individuals were taken at Macdiarmid on Aug. 12, 1921. 

Bana septentrionalia Baird. MINK FROG. — ^This interesting 
frog was not plentiful, and was the least common Rana in the district. 
Specimens were taken at Centre lake. Muskeg lake. First Station lake, 
Macdiarmid and Pustagone ponds. 

It is a decidedly aquatic frog and was never seen at a greater distance 
from water than could be covered by a single leap. Its preference 
seemed to be for rivers and small lakes. In the latter it was found more 
especially about outlets or inlets where there is a gentle current. It was 
also found in quiet, bog-margined lakes without current. It was taken 
about water holes in the sphagnum-covered floor of wet, coniferous 
woods, and in the shallow pools beside the C.N.R. track at Macdiarmid. 

The specimens collected ranged from 42 to 57 mm. in length. The 
length of the hind leg to the ankle averaged 83.39 per cent, of the total 
length. In colouration the Nipigon specimens were quite similar to those 
seen in other parts of Ontario. 

A croaking male was taken in First Station lake on July 5, 1924. 
A female taken in a water hole in the woods on June 4, 1922, contained 
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ripening eggs. One taken at the C.N.R. pools, Macdiarmid, on June 
11, 1921, was distended with ripe eggs. Another female taken at Centre 
lake on July 21, 1924, was without eggs. 

Reptiles 

Thamnophis s. sirtalis (Linn.). COMMON GARTER SNAKE. 
— This snake, the only species found, was not plentiful, only thirteen 
specimens having been secured. A few others were seen but escaped. 
It was taken at Macdiarmid, Cedar creek and Sandy river. 

The specimens collected were quite typical. The dorsal scales were 
19-17 in every case; the ventral plates ranged from 149 to 167; the supra 
labials were 7, except in one specimen which had 8 on the left side; the 
infra labials were 10 in nine specimens, 9 in three, and 8 in one; the oculars 
in every case were 1-3. 

The specimens ranged in length from 202 to 968 mm. In four, the 
tip of the tail was broken off. For the other nine the tail averaged 21.76 
per cent, of the total length. The maximum was 25.55 and the minimum 
20.52 per cent. 

The colour and markings of these snakes was foi the most part normal. 
The dorsal and lateral stripes were dull greenish yellow, as was also the 
belly. The lateral stripes were in most cases not well defined below, 
owing to the faintness of the dusky band on the first row of scales and 
edges of the ventral plates. 

One specimen showed a melanistic tendency. The light lateral 
stripe was almost completely invaded by black, which also came well 
down on the margins of the ventral plates. The dorsal stripe was 
dusky and faded out completely at the base of the tail. 

Another specimen showed much red in life, the lateral stripes being 
strongly reddish, especially on the anterior fifth of the body, the red 
extending onto the sides of the head. The ventral plates were finely 
mottled with red which was continuous across the first few plates behind 
the neck, and the last twenty-five or more in front of the vent. 

Chrysemys marginata belli! (Gray). BELL’S TURTLE.— Only 
three specimens of this turtle were found; two at Blackwater river in June, 
1921, by an Indian, and one at the south end of Orient bay on June 12, 
1924, by L. L. Snyder. 

The Orient bay specimen was a young one, the measurements taken 
with calipers were as follows: length of carapace 104 mm., greatest 
width, 86 mm., greatest depth of body, 27 mm. The carapace was 
olive green and the plastron reddish, and all the markings were clear 
and brilliant. The Blackwater river specimens were large, their measur- 
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ments were respectively: length of carapace, 176 and 200 mm., greatest 
width, 132 and 144 mm., greatest depth of body, 57 and 68 mm. They 
were dark umber brown above and yellowish, suffused with red below, 
the markings for the most part rather dull and subdued. In all of these 
specimens the costal scutes were each crossed at the middle by a trans- 
verse, crescent-shaped, light bar. The dark patch on the plastron was 
also characteristic, sending out extensions along the sutures almost to 
the margin of the shell. In the young specimen all the spots on the 
limbs and the stripes on the head and neck were lemon yellow. 
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A BIBLIOGRAPHY OF CANADIAN PLANT GEOGRAPHY TO 
THE END OF THE YEAR 1920 

Compiled by J. Adams, 

Ottawa, Ont. 

In addition to the Dominion of Canada the present Bibliography 
deals with the adjacent territories of Alaska and Labrador, the islands 
of Newfoundland, St. Pierre, and Miquelon, and the Arctic Islands to 
the north of Canada; it does not, however, include Greenland. 

It docs not profess to be a complete account of all the literature 
bearing on the distribution of Canadian plants, neither is perfect accuracy 
claimed for each citation. To prepare a satisfactory bibliography on 
any subject so as to ensure the correctness of author’s name, title of 
article quoted, volume, pages included, and date of publication, it would 
be necessary to have access to and handle each of the works referred to. 
In the present instance this has been possible in comparatively tew 
cases. Access to the actual publication is absolutely necessary in many 
cases in order to determine whether it really contains any material 
bearing on the subject with which the Bibliography deals, since this i^ 
not always obvious from the title. In many cases quoted in the present 
Bibliography the words “Canadian references” will be found added in 
brackets to show the justification for their inclusion. It might be 
inferred that some of the earlier works dealing with the distribution of 
plants in North America would also mention Canadian localities but 
this is not necessarily the case. Such inclusions must be regarded as 
doubtful until they have been consulted and the question verified. 

The first attempt to bring together the literature dealing with the 
distribution of Canadian plants appears to be that of Prof. D. P. Pen- 
hallow of Montreal whose “Review of Canadian Botany from the first 
Settlement of New France to the Nineteenth Century” was published 
in 1888 in the Transactions of the Royal Society of Canada. The 
second part bearing the title “A Review of Canadian Botany from 1800 
to 1895” was published in the Transactions of the same society in 1897. 

Shortly after the publication of the first part of Prof. Penhallow’s 
Review there appeared in the Annals of the New York Academy of 
Science for 1890, “A List of State and Local Floras of the United States 
and British America”, by Dr. N. L. Britton of the New York Botanical 
Garden. In this list, as might be inferred from the title, the literature 
dealing with each province of Canada was indicated separately. Alto- 
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gether 138 titles are enumerated for Canada. From the year 1900 up 
to 1915 Dr. A. H. Mackay of Halifax has compiled an annual ''Botanical 
Bibliography of Canada” which has been published in the "Transactions 
of the Royal Society of Canada" among the papers dealing with the 
Biological Sciences. 

Finally the "Bulletin of the Torrey Botanical Club" has published 
regularly (almost from its first appearance in 1870) a monthly biblio- 
graphy entitled "Index to American Botanical Literature". 

The various items comprised in a bibliography might be grouped in 
one of three ways, namely, according to (1) the date of publication, 
(2) the names of the authors mentioned, and (3) the subdivisions of the 
subject. The arrangement adopted below is a combination of the first 
two, consisting of six chronological periods in each of which the authors’ 
names are arranged in alphabetical order. Where there are several 
titles by the same author these are grouped in the order of publication. 
Where the publication of a work covers a period of several years it will 
be found listed under the date of the first number issued. 

As each item on the list has a number prefixed it will be comparatively 
easy to compile a list of papers and books dealing with a particular 
subdivision of the Vegetable Kingdom or the Flora of an individual 
province by cataloguing the numbers which have reference to that 
subdivision or province concerned. 

A note of interrogation after the year of publication signifies that the 
date is probably correct but needs verification by comparison with the 
original. 

Section I. Public.\tions Before the End of the Year 1800 

1. Barton, B. S. — A geographical view of the trees and shrubs of 

North America. Trans. Americ. Philos. Soc., 1800. 

2. Boucher, P. — Ilistoire Naturelle de la Nouvelle France vulgaire- 

ment dite Ic Canada. Paris, 16G5. 

3. (-ATESBY, Mark — Ilortus Britanno-Americanus; or a curious 

collection of trees and shrubs the produce of the British 
Colonies in North America, adapted to the soil and climate of 
England; with observations on their constitution, growth, and 
culture. London, 1763. 

4. Charlevoix — " Description des Plantes Principales de TAm^rique 

Septentrionalc" in "Histoire et Description Generale de la 
Nouvelle France", tome 4, pp. 299-377. Paris, 1744. 

5. Cornut, J. P. — Canadensium Plantarum Aliarum que Nondum 

Editarum historia. 238 pp. Paris, 1635; Paris, 1662. 
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6. Denis, N. — Description Geographique et Historique des C6tes de 

l*Am6rique Septentrionale,avec THistoire Naturellc de ce Pays. 
Paris, 1072. 

7. Dobbs, A. — An Account of the Countries adjoining Hudson’s Bay. 

I-ondon, 1744. 

8. Duhamel DU Moni'EAU, H. L. — Observations Botanico-Meteoro- 

logique faites k Quebec en C'anada 1744-45. Dans les 
Memoires de T Academic. Paris, 1740. 

9. Forster, J. R, — Flora Ameiicae Septcntrionalis; or a Catalogue of 

North American Plants. 51 p]). London, 1771. 

10. Hearnk, S. — A Journey from Prince of Wales Fort in Hudson’s 

Bay to the Northern Ocean 17i)9-1772. London, 1790. 

11. Hennepin, L. — A new discovery of a vast country in America, 

extending about 4000 miles, between New France and 
Mexico; with descriptions of the great lakes, cataracts, 
rivers, plants, and animals, etc. London, 109S. 

12. Kalm, P.— En Resa til Norra America. Stockholm, 1753-1701. 

13. K.\LM, P. — Beschreibungder Reise nach dem Nordlichen Amerika. 

Gottingen, 1754. 

14. Kalm, P. — Norra Americanska fargaortcr. Abo, 1703. 

15. Kalm, P. — Travels in North America. London, 1770. 

10. Lafitau, J. F. — La Plante du Ginseng de Tartaric d^couvertc en 
Canada. Paris, 1718. 

17. PiCHON, T. — Lettres et Memoires pour servir k I’histoire naturelle, 

civile ct politique du Cape Breton, depuis son establissement 
jusqu’^ la reprise de cette isle par les Anglais en 1758. I.ondon, 
1760. 

18. Plumter, P. Carolus. — N ova plantarum Americanarum genera. 

Paris, 1703. 

19. Robson, J. — Account of Six Years’ Residence in Hudson’s Bay, 

from 1733 to 1730, and from 1744 to 1747. London, 1752. 

20. ScHOEPF, Dr. (of Erlangen)^ — Materia Medica Americana potissi- 

mum regni vegetabilis. 1787. 

21. 5k'HOEPF, Dr. (of Erlangen) — Specifica Canadensium Amoenitates 

Academicae, vol. 4, Dissertatio LXXII (before 1798). 

22. Umfrevtlle, E. — The present state of Hudson’s Bay; containing 

a full description of that settlement and the adjacent country. 
London, 1790. 

23. Weld, I. — ^Travels through the States of North America and of 

the Provinces of Upper and Lower Canada 1795-1797. 
London, 1800. 
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24. Agassiz, J. L. R. & Cabot, J. E. — Lake Superior, its physical 

characters, vegetation and animals. 428 pp. 17 pi. Boston, 
1850. (Vegetation of the northern shores, pp. 139-190). 

25. Bachelot de la Pylaie, A. J. M. — Quelques observations sur les 

productions de I’lle de Terre-Neuve, et sur quelques Algues 
de la c6te de France appartenant au genre Laminaire. Ann. 
Sci. Nat., vol. 4, pp. 174, 184; pi. 9, 1824. 

26. Bachelot de la Pylaie, A. J. M. — Voyage i\ Tile de Terre-Neuve 
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